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DEPARTMENT OF THE NAVY (DON)
23.1 Small Business Innovation Research (SBIR)
Proposal Submission Instructions

IMPORTANT

1 The following instructions apply to topics:
o N231-001 through N231078

1 The information provided in the DON Proposal Submission Instructions document takes
precedence over the DoD Instructions posted for this Broad Agency Announcement
(BAA).

1 DON Phase | Technical Volume (Volume 2) page limit is not to exceed 10 pages.

1 Proposing small business concerrhat are more than 50% owned by multiple venture
capital operating companies (VCOC), hedge funds (HF), private equity firms (PEF) or
any combination of these are eligible to submit proposals in response to DON topics
advertised in this BAA. Information on Majority Ownership in Part and certification
requirements at time of submission for theseroposing small business concerrare
detailed in the section titled ADDITIONAL SUBMISSION CONSIDERATIONS.

1 Phase | Technical Volume (Volume 2) and Supporting Docitisn@/olume 5) templates,
specific to DON topics, are availablehdtps://www.navysbir.com/links_forms.htm

1 The DON provides notice that Basic Ordering Agreements (BOAs) may be udeiubfse |
awards, and BOAs or Other Transaction Agreements (OTAs) may be used for Phase Il

INTRODUCTION

The DON SBIR/STTR Programs are missimiented programs that integrate the needs and requirements

of the DON's FI e e tdevdlohment (RLD) topies shatehave buedeapotdntial, but

primarily address the needs of the DON. More information on the programs can be found on the DON
SBIR/STTR website atww.navysbir.comAdditional informatim o n DON’ s mi ssi on can
DON website atvww.navy.mil

Digital Engineering. DON desires the ability to design, integrate, and test naval products by using
authoritative sources of system data, which ersaible creation of virtual or digital models for learning and
experimentation, to fully integrate and test actual systems or components of systems across disciplines to
support lifecycle activities from concept through disposal. To achieve this, digitakerigg innovations

will be sought in topics with titles leading with DIGITAL ENGINEERING.

The Director of the DON SBIR/STTR Programs is Mr. Robert Srith questions regarding this BAA,
use the information in Table 1 to determine who to contastif@t types of questions.

TABLE 1: POINTS OF CONTACT FOR QUESTIONS REGARDING THIS BAA

Type of Question When Contact Information
Program and administrativg Always Program Managers list in Table 2 (below)
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Topic-specific technical
questions

BAA Prerelease

Technical Point of Contact (TPOC) listed in eacl
topic. Refer to the Proposal Fundamentals secti
of theDoD SBIR/STTR Program BAAor detalils.

instructions and forms

BAA Open DoD SBIR/STTR Topic Q&A platform
(https://www.dodsbirsttr.mil/submissions
Refer to the Proposal Fundamentals section of {
DoD SBIR/STTR Program BA/or details.
Electronic submission to th¢ Always DSIP Supportia email
DoD SBIR/STTR atdodsbirsupport@reisystems.com
Innovation Portal (DSIP)
Navy-specific BAA Always Navy SBIR/STTR Program Management Office

usn.pentagon.crarlingtonva.mbx.navysbir-
sttr@us.navy.mil

TABLE 2: DON SYSTEMS COMMANDS (SYSCOM) SBIR PROGRAM MANAGERS

Topic Numbers Point of Contact

SYSCOM Email

N231.001 t Marine Corps
y 0 Mr. Jeffrey Kent Systems Comman( shir.admin@usmc.mil
N231-005 (MCSC)
Naval Air Systems
N231-006 to | Ms. Kristi Wiegman Command navair.sbir@navy.mil
N231-027 (NAVAIR)
Naval Sea System
N231-028t0 | iy jason Schroepfe Command NSSC_SBIR.fct@navy.mil
Office of Naval
N231-057 to Ms. LoreAnne Research usn.pentagon.crarlington
N231-071 Ponirakis va.mbx.onssbir-sttr@us.navy.mil
(ONR)
Strategic Systems
N231-072 to Mr. Michael Pyryt Programs ssp.shir@ssp.navy.mil
N231-078 (SSP)

PHASE | SUBMISSION INSTRUCTIONS

The following section details requirements for submitting a compliant Phase | Proposal to the DoD

SBIR/STTR Programs.

(NOTE: Proposing small businesoncernsare advised that support contract personnel will be used to
carry out administrative functions and may have access to proposals, contract award documents, contract

deliverables, and reports. All support contract personnel are bound by approynedesclosure

agreements.)

DoD SBIR/STTR Innovation Portal (DSIP). Proposing small business concerare required to submit

proposals via the DoD SBIR/STTR Innovation Portal (DSIP); follow proposal submission instructions in

the DoD SBIR/STTR Program BXon the DSIP ahttps://www.dodsbirsttr.mil/submission$roposals
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submitted by any other means will be disregar@eoposing small business concesubmitting through

DSIP for the first time will be asked to register. It is recommendedthall business concerregister as

soon as possible upon identification of a proposal opportunity to avoid delays in the proposal submission
process. Proposalsdt are not successfully certified electronically in DSIP by the Corporate Official prior

to BAA Close will NOT be considered submitted and will not be evaluated by DON. Please ttbfer to
DoD SBIR/STTR Program BAA for further information.

Proposal Volumes. The following six volumes are required.
1 Proposal Cover Sheet (Volume 1)As specified in DoD SBIR/STTR Program BAA.

1 Technical Proposal (Volume 2)
o Technical Proposal (Volume 2) must meet the following requirements or the proposal will be
REJECTED:
%2 Not to exceed 10 pages, regardless of page content
% Single column format, singispaced typed lines
% Standard 8 %" x 11" paper
%2 Page margins one inch on all sides. A header and footer may be included in-thehone
margin.
% No font size smaller thab0-point
% Include, within the 1€page limit of Volume 2, an Option that furthers the effort in
preparation for Phase Il and will bridge the funding gap between the end of Phase | and
the start of Phase Il. Tasks for both the Phase | Base and the Phaea hiyst be clearly
identified. Phase | Options are exercised upon selection for Phase Il.
%2 Work proposed for the Phase | Base must be exactly six (6) months.
% Work proposed for the Phase | Option must be exactly six (6) months.

o Additional information:
% ltis highly recommended thptoposing small business conceuse the Phase | proposal
template, specific to DON topics, latps://navysbir.com/links_forms.htta meet Phase
| Technical Volume (Volume 2) requirements.
% A font size smaller than 1point is allowable for headers, footers, imbedded tables,
figures, images, or graphics that include text. Howepesposing small business
concerngare cautioned that if the text is too small to be legible it will not be evaluated.

1 Cost Volume (Volume 3).
o Cost Volume (Volume 3) must meet the following requirements or the proposal will be

REJECTED:

1 The Phase | Base aonat must not exceed $140,000.

% Phase | Option amount must not exceed $100,000.

%2 Costs for the Base and Option must be separated and clearly identified on the Proposal
Cover Sheet (Volume 1) and in Volume 3.

% For Phase I, a minimum of twthirds of the work is performed by the propossmall
business concerimhe percentage of work is measured by both direct and indirect costs.
To calculate the minimum percentage of work for the proposingil business conaer
the sum of all direct and indirect costs attributable to the propssiali business concern
represent the numerator and the total cost of the proposal (i.e., Total Cost before Profit
Rate is applied) is the denominator. The subcontractor percentzgelkated by taking
the sum of all costs attributable to the subcontractor (Total Subcontractor Costs (TSC)) as
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the numerator and the total cost of the proposal (i.e., Total Cost before Profit Rate is
applied) as the denominator.
Proposing Small Busine§€®ncernCosts (included in numerator for calculatmm
the small business concgrn
% Total Direct Labor (TDL)
%, Total Direct Material Costs (TDM)
%, Total Direct Supplies Costs (TDS)
%, Total Direct Equipment Costs (TDE)
14 Total Direct Travel Costs (TDT)
%, Total Othe Direct Costs (TODC)
% General & Administrative Cost (G&A)
NOTE: G&A, if proposed, will only be attributed to the proposargall business
concern
Subcontractor Costs (numerator for subcontractor calculation):
% Total Subcontractor Costs (TSC)
Total Cost (denominator for either calculation)

o Additional information:

% Provide sufficient detail for subcontractor, material, and travel costs. Subcontractor costs
must be detailed to the same level as the prime contractor. Material costs must include a
listing of items and cost per item. Travel costs must include the purptieetrip, number
of trips, location, length of trip, and number of personnel.

% 1l nclusion of cost estimates for travel to t
meetings is recommended for all proposals.

% The “ Addi tional Cpostihg Dbcaments (Wotume 5 may beauged t& u p
provide supporting cost details for Volume 3. When a proposal is selected for award, be
prepared to submit further documentation to the SYSCOM Contracting Officer to
substantiate costs (e.g., an explanation st estimates for equipment, materials, and
consultants or subcontractors).

Company Commercialization Report (Volume 4) DoD collects and uses Volume 4 and DSIP
requires Volume 4 for proposal submission. Please refer to the Phase | Pseptisalof the
DoD SBIR/STTR Program BAAor detailsto ensure compliance with DSIP Volume 4
requirements.

Supporting Documents (Volume 5)Volume 5 is for the submission of administrative material
that DON may or will require to process a proposal, if selected, faraatrmward.
All proposing small business concemsst review and submit the following items, as applicable:

% Telecommunications Equipment Certification. Required for allproposing small
business concernsThe DoD must comply with Section 889(a)(1)(B)tbe FY2019
National Defense Authorization Act (NDAA) and is working to reduce or eliminate
contracts, or extending or renewing a contract with an entity that uses any equipment,
system, or service that uses covered telecommunications equipment orssasviae
substantial or essential component of any system, or as critical technology as part of any
system. As such, afiroposing small business concemast include as a part of their
submission a written certification in response to the clauses (DFABes262.2047016
252.2047018, and subpart 204.21). The written certification can be found in Attachment
1 of the DoD SBIR/STTR Program BAA. This certification must be signed by the
authorized company representative and is to be uploaded as a sepérfile iRYolume
5. Failure to submit the required certification as a part of the proposal submission process
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will be cause for rejection of the proposal submission without evaluation. Please refer to
the instructions provided in the Phase | Proposal@eofithe DoD SBIR/STTR Program
BAA.

% Disclosure of Of ferordés Ownership Abr Cont
proposing small business concenmsst review to determine applicability. In accordance
with DFARS provision 252.209002, aproposing smalbusiness conceris required to
disclose any interest a foreign government has irptbposing small business concern
when that interest constitutes control by foreign governmenpréfiosing small business
concernmust review the Foreign Ownership or Control Disclosure information to
determine applicability. If applicable, an authorized representafitee small business
concemmust compl ete the Disclosure of Offeror
Governmenh(found in Attachment 2 of the DoD SBIR/STTR Program BAA) and upload
as a separate PDF file in Volume 5. Please refer to instructions provided in the Phase |
Proposal section of the DoD SBIR/STTR Program BAA.

Y% Majority Ownership in Part. Proposing small bsiness concernshich are more than
50% owned by multiple venture capital operating companies (VCOC), hedge funds (HF),
private equity firms (PEF), or any combination of these as set forth in 13 C.F.R. § 121.702,
are eligible to submit proposals in resperto DON topics advertised within this BAA.
Complete certification as detailed wunder ADDITIONAL SUBMISSION
CONSIDERATIONS.

o Additional information:
% Proposing small business concemay include the following administrative materials
in Supporting Documents (Volume 5); a template is available at
https://navysbir.com/links_forms.htta provide guidance on optional material the
proposng small business concemnmay want to include in Volume 5:
0 Additional Cost Information to support the Cost Volume (Volume 3)
SBIR/STTR Funding Agreement Certification
Data Rights Assertion
Allocation of Rights between Prime and Subcontractor
Disclosure 6 Information (DFARS 252.204000)
Prior, Current, or Pending Support of Similar Proposals or Awards
o Foreign Citizens
% Do not include documents or information to substantiate the Technical Volume (Volume
2) (e.g., resumes, test data, technical reportspulnlications). Such documents or
information will not be considered.
%2 A font size smaller than 1foint is allowable for documents in Volume 5; however,
proposing small business conceane cautioned that the text may be unreadable.

O O0OO0OO0OOo

1 Fraud, Waste and Akuse Training Certification (Volume 6). DoD requires Volume 6 for
submission. Please referthe Phase | Proposal section of fre SBIR/STTR Program BAAor
details

PHASE | EVALUATION AND SELECTION
The following section details how the DON SBIR/STTR Programs will evaluate Phase | proposals.

Proposals meeting DSIP submission requirements will be forwarded to the DON SBIR/STTR Programs.
Prior to evaluation, all proposals will undergo a complianeéeve to verify compliance with DoD and
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DON SBIR/STTR proposal eligibility requirements. Proposals not meeting submission requirements will
be REJECTED and not evaluated.

1 Proposal Cover Sheet (Volume 1)The Proposal Cover Sheet (Volume 1) will undergo a
compliance review to verify theroposing small business conceias met eligibility requirements
and followed the instructions for the Proposal Cover Sheet as specified in the DoD SBIR/STTR
Program BAA.

1 Technical Volume (Volume 2). The DON will evaluateand select Phase | proposals using the
evaluation criteria specified in the Phase | Proposal Evaluation Criteria section of the DoD
SBIR/STTR Program BAA, with technical merit being most important, followed by qualifications
of key personnel and commerdzation potential of equal importance. The information considered
for this decision will come from Volume 2. This is not a FAR Part 15 evaluation and proposals will
not be compared to one another. Cost is not an evaluation criteria and will not be edrohinliery
the evaluation process; the DON will only do a compliance review of Volume 3. Due to limited
funding, the DON reserves the right to limit the number of awards under any topic.

The Technical Volume (Volume 2) will undergo a compliance revieisi(pr evaluation) to verify
the proposing small business concéras met the following requirements or the proposal will be
REJECTED:

% Not to exceed 10 pages, regardless of page content

% Single column format, singiepaced typed lines

Y» Standard &er¥” x 11”7 pa

Y% Page margins one inch on all sides. A header and footer may be included in-thehone
margin.

% No font size smaller than 3filint, except as permitted in the instructions above.

% Include, within the lépage limit of Volume 2, an Option that furtherse thffort in
preparation for Phase Il and will bridge the funding gap between the end of Phase | and
the start of Phase Il. Tasks for both the Phase | Base and the Phase | Option must be clearly
identified.

% Work proposed for the Phase | Base must be gxaistl(6) months.

%2 Work proposed for the Phase | Option must be exactly six (6) months.

1 Cost Volume (Volume 3). The Cost Volume (Volume 3)ill not be considered in the selection
process and will only undergo a compliance review to verifptbposing small business concern
has met the following requirements or the proposal will be REJECTED:

% Must not exceed values for the Base ($140,000)CGptébn ($100,000).

%2 Must meetminimum percentage of work; a minimum of ttlirds of the work is
performed by the proposirggmall business concem@ON will not accept deviations from
the minimum percentage of work requirements for Phase I.

1 Company Commercialization Report (CCR) (Volume 4). The CCR (Volume 4) will not be
evaluated by the Navy nor wild/l it be consider
proposing small business concemsst refer to the DoD SBIR/STTR Program BAA to ensure
compliance with DSIP Volume 4 requirements.

1 Supporting Documents (Volume 5)Supporting Documents (Volume 5) wilbt be considered
in the selection process and will only undergo a compliance review to enspreplosing small
business concerrhas included items in accordance with the PHASE | SUBMISSION
INSTRUCTIONS section above.
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1 Fraud, Waste, and AbuseTraining Certificate (Volume 6). Not evaluated.

ADDITIONAL SUBMISSION CONSIDERATIONS
This section details additional items foroposing small business concetosconsider during proposal
preparation and submission process.

Discretionary Technical and Business Assistance (TABA).The SBIR and STTR Policy Directive
section 9(b) allows the DON to provide TABA (formerly referred to as DTA) to its awardees. The purpose
of TABA is to assist awardees in making better technical decisions on SBIR/STTR projects; solving
technical problemshat arise during SBIR/STTR projects; minimizing technical risks associated with
SBIR/STTR projects; and commercializing the SBIR/STTR product or process, including intellectual
property protectionsProposing small business concemmgy request, in their Hase | Cost Volume
(Volume 3) and Phase Il Cost Volume, to contract these services themselves through one or more TABA
providers in an amount not to exceed the values specified below. The Phase | TABA amount is up to $6,500
and is in addition to the awaasnount. The Phase Il TABA amount is up to $25,000 per award. The TABA
amount, of up to $25,000, is to be included as part of the award amount and is limited by the established
award values for Phase Il by the SYSCOM (i.e. within the $1,800,000 or lowierspecified by the
SYSCOM). As with Phase |, the amount proposed for TABA cannot include any profit/feedrgplosing

small business conceamd must be inclusive of all applicable indirect costs. TABA cannot be used in the
calculation of general andiministrative expenses (G&A) for the SBHRoposing small business concern

A Phase Il project may receive up to an additional $25,000 for TABA as part of one additional (sequential)
Phase Il award under the project for a total TABA award of up to $5@@0project. Asmall business
concermreceiving TABA will be required to submit a report detailing the results and benefits of the service
received. This TABA report will be due at the time of submission of the final report.

Request for TABA funding wilbe reviewed by the DON SBIR/STTR Program Office.

If the TABA request does not include the following items the TABA request will be denied.

TABA provider(s) (firm name)

TABA provider(s) point of contact, email address, and phone number

An explanation ofvhy the TABA provider(s) is uniquely qualified to provide the service

Tasks the TABA provider(s) will perfornfto include the purpose and objective of the

assistance)

1 Total TABA provider(s) cost, number of hours, and labor rates (average/blended rate is
aaceptable)

= =4 —a =N

TABA mustNOT:

1 Be subject to any profit or fee by the SBIFoposing small business concern
Propose a TABA provider that is the SBbRoposing small business concern
Propose a TABA provider that is an affiliate of the SBHaposing small business concern
Propose a TABA provider that is an investor of the SBi&posing small business concern
Propose a TABA provider that is a subcontractor or consultant of the remsestll business
concernotherwise required as part of the paid portion of the research effort (e.g., research
partner, consultant, tester, or administrative service provider)

= =4 —a =N

TABA requests must be included in the proposal as follows:
1 Phasel:
v Online DoD Cost Volume (Volume) 3-the value of the TABA request.
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v Supporting Documents (Volume 5)a detailed request for TABA (as specified above)

specifically identified as “TABA” in the
using the DON Supporting Documents template.
1 Phag
» DON Phase Il Cost Volume (provided by the DON SYSCGMje value of the TABA
request.

v Supporting Documents (Volume 5)a detailed request for TABA (as specified above)
specifically identified as “TABAtonwhent he
using the DON Supporting Documents template.

Proposed values for TABA muBsIOT exceed:
1 Phase I: A total of $6,500
1 Phase II: A total of $25,000 per award, not to exceed $50,000 per Phase Il project

If a proposing small business conceequess and is awarded TABA in a Phase |l contract,giogposing

small business concewill be eliminated from participating in the DON SBIR/STTR Transition Program
(STP), the DON Forum for SBIR/STTR Transition (FST), and any other Phase Il assistance the DON
provides directly to awardees.

All Phase Il awardees not receiving funds for TABA in their awards must participate in the virtual DON
STP Kickoff during the first or second year of the Phase Il contract. While there are no travel costs
associated with ik virtual event, Phase |l awardees should budget time of up to a full day to participate.
STP information can be obtained https://navystp.comPhase Il awardees will be contacted separately
regarding this program.

Disclosure of Information (DFARS 252.2047000). In order to eliminate the requirements for prior
approval of public disclosure of information (in accordance with DFARS 252@08@) under this award,

the proposing small business concsirall identify ad describe all fundamental research to be performed
under its proposal, including subcontracted work, with sufficient specificity to demonstrate that the work
gualifies as fundamental researEandamental research means basic and applied researchmice sail
engineering, the results of which ordinarily are published and shared broadly within the scientific
community, as distinguished from proprietary research and from industrial development, design,
production, and product utilization, the results dict ordinarily are restricted for proprietary or national
security reasons (defined by National Security Decision Directive 189mall business concemwhose
proposed work will include fundamental research and requests to eliminate the requirement for prior
approval of public disclosure of information must complete the DON Fundamental Research Disclosure
and upload as a separate PDF file to the Suppddiiegiments (Volume 5) in DSIP as part of their proposal
submission. The DON Fundamental Research Disclosure is available on
https://navysbir.com/links_forms.htrand includes instructions on how to contpleand upload the
completed Disclosure. Simply identifying fundamental research in the DisclosurdN@desonstitute
acceptance of the exclusion. All exclusions will be reviewed and, if approved by the government
Contracting Officer, noted in the contract

Majority Ownership in Part. Proposing small business conceithgt are more than 50% owned by
multiple venture capital operating companies (VCOC), hedge funds (HF), private equity firms (PEF), or
any combination of these as set forth in 13 C.F.R. § 121af8Zligible to submit proposals in response

to DON topicsadvertised within this BAA.

For proposing small business concetimat are a member of this ownership class the followingtbe
satisfied for proposals to be accepted and evaluated:
a. Prior to submitting a proposamall business concernaust register with the SBA Company
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Registry Database.

b. The proposing small business concemithin its submission must submit the MajoriBwned
VCOC, HF, and PEF Certification. A copy of the SBIR VC Certification can be found on
https://navysbir.com/links_forms.htninclude the SBIR VC Certification in the Supporting
Documents (Volume 5).

c. Should aproposing small business concdrecome a member of this ownership class after
submitting its proposal angrior to any receipt of a funding agreement, greposing small
business concemust immediately notify the Contracting Officer, register in the appropriate SBA
database, and submit the required certification which can be found on
https://navysbir.com/links_forms.htm

System for Award Management (SAM)lt is strongly encouraged thatoposing small business concerns
register in SAMhttps://sam.govby the Close date diis BAA, or verify their registrations are still active
and will not expire within 60 days of BAA Close. Additionalproposing small business concesh®uld
confirm that they are registered to receive contracts (not just grants) and the addressnratsAds the
address on the proposal.

Notice of NIST SP 800171 Assessment Database Requiremeithe purpose of the National Institute of
Standards and Technology (NIST) Special Publication (SPJL8Qds to protect Controlled Unclassified
Information CUI) in Nonfederal Systems and Organizations. As prescribed by DFARS 252204in

order to be considered for awardsraall business concesirequired to implement NIST SP 8201 and

shall have a current assessment uploaded to the Supplier PederRiak System (SPRS) which provides
storage and retrieval capabilities for this assessment. The platform Procurement Integrated Enterprise
Environment (PIEE) will be used for secure login and verification to access SPRS. For brief instructions
on NIST SP800-171 assessment, SPRS, and PIEE please higit://www.sprs.csd.disa.mil/nistsp.htm

For in-depth tutorials on these items please Vifps://www.sprs.csd.disa.mil/webtrain.htm

Human Subjects, Animal Testing, and Recombinant DNADue to the short timeframe associated with
Phase | of the SBIR/STTR process, the DON does notmaend the submission of Phase | proposals that
require the use of Human Subjects, Animal Testing, or Recombinant DNA. For example, the ability to
obtain Institutional Review Board (IRB) approval for proposals that involve human subjects carifake 6
months, and that lengthy process can be at odds with the Phase | goal fto-timard. Before the DON

makes any award that involves an IRB or similar approval requiremenprépesing small business
concernmust demonstrate compliance with relevant regajaipproval requirements that pertain to
proposal s i nvol ving human, ani mal , or recombi nan
evaluation, but requiring IRB approval may delay the start time of the Phase | award and if approvals are
not obtained whin two months of notification of selection, the decision to award may be terminated. If the
use of human, animal, and recombinant DNA is included under a Phase | or Phase Il proposal, please
carefully review the requirements dtttps://www.nre.navy.mil/workwvith-us/howto-apply/compliance
andprotections/researeprotections This webpage provides guidance and lists approvals that may be
required before contract/work can begin.

Government Furnished Equipment (GFE). Due to the typical lengthy time for approval to obtain GFE,

it is recommended that GFE is not proposed as part of the Phase | proposal. If GFE is proposed, and it is
determined dring the proposal evaluation process to be unavailable, proposed GFE may be considered a
weakness in the technical merit of the proposal.

International Traffic in Arms Regulation (ITAR). For topics indicating ITAR restrictions or the
potential for classified work, limitations are generally placed on disclosure of information involving topics
of a classified nature or those involving export control restrictions, which may curtail ondweeble
involvement of universities and certain Rprofit institutions beyond the basic research level. Small
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businesses must structure their proposals to clearly identify the work that will be performed that is of a
basic research nature and how it carsbgregated from work that falls under the classification and export
control restrictions. As a result, information must also be provided on how efforts can be performed in later
phases if the university/research institution is the source of critical ledge, effort, or infrastructure
(facilities and equipment).

SELECTION, AWARD, AND POST -AWARD INFORMATION

Notifications. Email notifications for proposal receipt (approximately one week after the Phase | BAA
Close) and selection are sent based on the information received on the proposal Cover Sheet (Volume 1).
Consequently, the-mail address on the proposal Cover Shagdtrbe correct.

Debriefs. Requests for a debrief must be made within 15 calendar days of selesglacnnotification

via email as specified in the select/rgglect notification. Please note debriefs are typically provided in
writing via email to theCorporate Official identified in the proposaltheproposing small business concern
within 60 days of receipt of the request. Requests for oral debriefs may not be accommodated. If contact
information for the Corporate Official has changed since promgahission, a notice of the change on
company letterhead signed by the Corporate Official must accompany the debrief request.

Protests.Interested parties have the right to protest in accordance with the procedures in FAR Subpart 33.1.

Preaward agencprotests related to the terms of the BAA must be served to: osd.ner-eustix.SBIR
STTR-Protest@mail.mil. A copy of a pi@vard Government Accountability Office (GAO) protest must
also be filed with the aforementioned email address within one d#ingfwith the GAO.

Protests related to a selection or award decision should be filed with the appropriate Contracting Officer
for an Agency Level Protest or with the GAO. Contracting Officer contact information for specific DON
Topics may be obtaineddm the DON SYSCOM Program Managers listed in Taldb&e For

protests filed with the GAO, a copy of the protest must be submitted to the appropriate DON SYSCOM
Program Manager and the appropriate Contracting Officer within one day of filing wigAiDe

Awards. Due to limited funding, the DON reserves the right to limit the number of awards under any topic.
Any natification received from the DON that indicates the proposal has been selected does not ultimately
guarantee an award will be made. Thistification indicates that the proposal has been selected in
accordance with the evaluation criteria and has been sent to the Contracting Officer to conduct compliance
review of Volume 3 to confirm eligibility aheproposing small business concesndto take other relevant

steps necessary prior to making an award.

Contract Types. The DON typically awards a Firm Fixed Price (FFP) contract or a small purchase
agreement for Phase |. In addition to the negotiated contract award types listedaatithof the DoD
SBIR/STTR Program BAA titled’roposal Fundamentaléor Phase Il awards the DON may (under
appropriate circumstances) propose the use of an Other Transaction Agreement (OTA) as specified in 10
U.S.C. 2371/10 U.S.C. 2371b and related implementing policies and regulations. The DON may choose to
use a Basi©rdering Agreement (BOA) for Phase | and Phase Il awards.

Funding Limitations. In accordance with the SBIR and STTR Policy Directive section 4(b)(5), there is a
limit of one sequential Phase Il award genall business conceper topic. Additionallyto adjust for

inflation DON has raised Phase | and Phase Il award amounts. The maximum Phase | proposal/award
amount including all options (less TABA) is $240,0008e Phase | Base amount must not exceed $140,000
and the Phase | Option amount must not edc¢&100,000The maximum Phase Il proposal/award amount
including all options (including TABA) is $1,800,000 (unless 48BIR/STTR funding is being added).
Individual SYSCOMs may award amounts, including Base and all Options, of less than $1,800,000 based
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on available funding. The structure of the Phase Il proposal/award, including maximum amounts as well as
breakdown between Base and Option amounts will be provided to all Phase | awardees either in their Phase
| award or a minimum of 30 days prior to theeddate for submission of their Initial Phase Il proposal.

Contract Deliverables. Contract deliverables for Phase | are typically a 4atfkbrief, progress reports,
and a final report. Required contract deliverables (as stated in the contract) muglodded to
https://www.navysbirprogram.com/navydeliverables/.

Payments. The DON makes three payments from the start of the Phase | Base period, and from the start
of the Phase | Option period, if exercised. Payment amounts represent a set percémddgsefor Option
value as follows:

Days From Start of Base Award or Option Payment Amount

15 Days 50% of Total Base or Option
90 Days 35% of Total Base or Option
180 Days 15% of Total Base or Option

Transfer Between SBIR and STTRPrograms. Section 4(b)(1)(i) of the SBIR and STTR Policy Directive
provides that, at the agency’s discretion, projecH
in Phase Il to STTR and vice versa.

PHASE 1l GUIDELINES

Evaluation and Selection All Phase | awardees may submitlaitial Phase Il proposal for evaluation

and selection. The evaluation criteria for Phase 1l is the same as Phase I. The Phase | Final Report, Initial
Phase Il Proposal, and Transition Outbrief (as applitakik be used to evaluate th@mall business
concerns potential to progress to a workable prototype in Phase Il and transition technology to Phase llI.
Details on the due date, content, and submission requirements of the Initial Phase Il Proposal will be
provided by the awarding SYSCOM either in the Phase | contract or by subsequent notification.

NOTE: All SBIR/STTR Phase Il awards made on topics from BAAs prior to FY13 will be conducted in
accordance with the procedures specified in those BAAsfDION topics, this means by invitation only).

Awards. The DON typically awards a Cost Plus Fixed Fee contract for Phase Il; but, may consider other
types of agreement vehicles. Phase Il awards can be structured in a way that allows for increaged fundin

|l evel s based on the project’s transitiofondedot ent i
technologies to Phase Ill, especially those that lead to Programs of Record and fielded systems, the
Commercialization Readiness Program was authorigddceeated as part of section 5122 of the National
Defense Authorization Act of Fiscal Year 2012. The statutaside is 1% of the available SBIR/STTR

funding to be used for administrative support to accelerate transition of SBIR/&VERped
technologes and provide nefinancial resources for themall business concer(es.g., the DON STP).

PHASE 1ll GUIDELINES

A Phase Il SBIR/STTR award is any work that derives from, extends, or completes effort(s) performed
under prior SBIR/STTR funding agreents, but is funded by sources other than the SBIR/STTR programs.
This covers any contract, grant, or agreement issued as a-full@®ase Il award or any contract, grant,

or agreement award issued as a result of a competitive process where the aas@eSBIR/STTR firm

that developed the technology as a result of a Phase | or Phase Il award. The DON will give Phase Il status
to any award that falls within the abeweentioned description. Consequently, DON will assign
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SBIR/STTR Data Rights to any noommercial technical data and noncommercial computer software
delivered in Phase Il that were developed under SBIR/STTR Phase I/l effort(s). Government prime
contractors and their subcontractors must follow the same guidelines as above and ensurgpémes
operating on behalf of the DON protect the rights of the SBIR/STTR firm.
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Navy SBIR 23.1 Phase | Topic Index
Variable Angle and Optimal Deployment for Arlersonnel Obstacle Breaching
Systems (APOBS)
Seamless Knittelflesh, Cold Weather Baselayer Undershirt and Drawer

Broadband Antenna Solution for Vehiddounted Electronic Warfare Systems

Technologies for Marine Corps Radars and Telecommunications InduBamd®
Spectrum Sharing

OneWay Luminescent (OWL) Tracer Technology for 40mm Ammunition

Next Generation Toolsets for Weapons Separation Evaluations to Enable Enhanced
Strike Capabilities

DIGITAL ENGINEERING - Digital Modelling and Simulation of Maneuvering
Hypersmic Weapons

DIGITAL ENGINEERING - Broadband Redime Data Bus

DIGITAL ENGINEERING - High-Speed Data Return for Tactical Environments

Active Low-Voltage ThinFilm Lithium Niobate ElectreOptic Modulator

Optical Addiive Manufacturing in MieWave and LongNave Infrared Bands

Compact, HighPerformance Metamaterial Acoustic filter with Monolithic Integrated
Signal Processor

Tip-Off Optical Reconnaissan<®ensor for Counter Hypersonics (TORCH)

Multistatic Radar Network Distributed Time, Frequency, and Phase Synchronization
System

Back End Data Lake and Microservices (BEDLAM) Strategy for Battle Management
Aid (BMA) Development
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Emissive Image Display for Fligl8imulators Wideangle Collimated Displays

Enabling Technologies to Support Individual Blade Control for Rotorcraft

Superconducting Thermal Spreader Enabled MWIR B&idQuantum Cascade Laser
with 65 W Average Output Power

Big Data Analytics (BDA): Realime Data Mining and Track Fusion of National and
Tactical Data

Detection and Tracking of Hypersonic Missiles from Glidel'erminal Phase Using
ElectroOptic Infrared Sensors

Enhanced Aircraft Noi€Cooperatie Target Recognition

Accelerated HigHPower Blue Laser Design Cycle Enabled by Deep Neural Networks

Assured Positioning, Navigation, and Timing Using Nontraditional Means

Minotaur Alternate Radio Command and Control Operatidsiag Ultrahigh
Frequency Data Mode

Autonomous Voice Coordination between Air Traffic Control and Foreign Object
Debris Removal Systems

Friction Drilling Fasteners for Composite Structures

Low-cost, LowSWaP, andHigh-Performance Uncooled Infrared Imager

DIGITAL ENGINEERING - Artificial Intelligence/Machine Learning (AlI/ML) Hull
Mechanical & Electrical Controls

DIGITAL ENGINEERING - Software Incident Report Capture and Scripting

DIGITAL ENGINEERING- Model Centric Safety Analysis Tool

DIGITAL ENGINEERING - Automated Cavitating Waterjet Cleaning Device

Launchable Mini Glider for Variable Payloads
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Permanent Radio Frequency Transparent AN/3FAfray Cover

Open Architecture Telemetry First Level Multiplexer with Array Power Distribution
Automatic Target Recognition (ATR) in Complex Underwater Environments
Long-Range Acoustic Communications System

DIGITAL ENGINEERING- Gun Weapons Systems Synthetic Unmanned Aerial
Systems Imagery Data Set

Perceptually Lossless Unmanned Underwater Vehicle (UUV) Sensor Data
Compression

Boat & Combatant Craft Electric Drive Propulsion System
Rugged HighTemperature Superconductor Wire Bundles for Shipboard Installation
Improved Distance Measurement During Underway Replenishments (UNREPS)

Pressurelolerant ElectronicalhSteered Antennas (ESAS) for Satellite
Communcations on Unmanned Undersea Vehicles (UUV)

Extreme Cold Weather Resistant Gasket Material

DIGITAL ENGINEERING - Expeditionary Virtualized Training Unit for Undersea
Warfare Decision Support System (USVES)

Multi-Spectral, Miti-Sensor Image Fusion

Revolutionized Undersea Training Target Motors

Alternative Materials and Fabrication Processes for US Navy Propulsor Shafting
Signal Processing for Underwater Explosion Detection and Localization

DIGITAL ENGINEERING - Artificial Intelligence/Machine Learning Video
Processing and Packaging

Autonomous Crane System for Payload Motion Control

Underwater DivetApplied Composite Patch Repair for Crack Arresting

Advanced Reliable Widange Hydrodynamic Hull Appendage

Improved Electromechanical Actuators for Aircraft Carrier Flight Deck Applications

Structural Design Process for Higtycle Fatigue Performance of Composite Materials
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N231-072
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Centralized Automated Fault Monitoring

DIGITAL ENGINEERING - Intelligent Capture of Digital Imaging for Systems
Engineering, Modeling, and Training

RealTime Training Heat and Load Monitoring Kits for Ground Forces
Alternate Lubication Mechanisms for Small UAV and Attritable Weapon Systems
Orbital Angular Momentum (OAM) Laser Transformer

Predictive Tool for Aging Effects on Performance of PherBhsed Thermal
Protection Materials

Verification of Intelligent Autonomous Systems Containing Artificial Intelligence
Components

High Power Microwave (HPM) Solid State Amplifier Topologies
Additive Manufacturing for Gradethdex Lens Apertures
ReversibleReplenishment Air Conditioning System

Metamaterial Enhanced Micromirror Surfaces (MEMMS) for Enhanced Infrared Beam
Control

Radiative Transfer Software Suite for Targeted Remote Sensing

Cognitive Tactics, Techniques aRdocedures (TTP) Synthesis

Cryogenic SolidState Thermal Energy Storage

High-Rate, Reduced Life Cycle Cost Airframe

Ultraviolet Solar Blind Sensors for Microsatellites and Small Satellites

Compact Aerial InspectionyStem for Elevated and Small Spaces

High Temperature Ceramic Yarn from Discontinuous Silicon Carbide (SiC) Fibers
Radiation Hardened FPGAs for Strategic Systems

Characterization of the Radiation Environm@aipabilities of Exploding Foil Initiators
(EFls)

Reduced Integrated Optical Circuits (I0C) Hafive Voltage (Vpi) for improved Size
Weight and Power (SWaP) in Interferometric Fikbgtic Gyroscopes (IFOG)

Electrically Conductive SelAssembled Monolayer (SAM) Anftiction Coating for
Micro-Electromechanical Systems (MEMS)
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N231-077 Ultra Low-Profile Hermetic Fiber Optic Interconnect

N231-078 Phase Trimming for Integrated Photonics
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N231-001 TITLE: VariableAngle and OptimaDeployment for AntiPersonnel Obstacle
Breaching Systems (APOBS)

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)integrated Sensing and Cyber

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFRParts 126130, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors mustldse any proposed use of foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are adised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a technology to identify and set an optimal launch angle for system deployment
and develop an engineegiisolution to minimize geometric shapes in the line charge deployment.

DESCRIPTION:The current AntiPersonnel Obstacle Breaching System (APOBS) consists of grenades,
equally spaced on a fabric reinforced detonating cordloragded in a polyester suppatructure. It is a
selfcontained, tweperson portable, orghot expendable linear demolition charge system used by assault
elements. The APOBS kit consists of an aluminum shipping and storage container, a front backpack
assembly containing a 28eter font line charge segment, a rear backpack assembly containing a 20
meter rear line charge segment with rear fuze, a rocket motor front fuze assembly, and a MK19 electric
squib inside a sealed foil bag or a ralactric initiator (shockube) packed in a faiz reinforced, foam

lined container.

Currently the launch rod for the APOBS is installed to the front backpack at a static launch angle. During
setup on uneven or hilly terrain, Marines are trained to improvise backpack supports to adjust the angle
of the launch rod. This SBIR topic would identify a lightweight engineering design solution and tool to
identify and set an optimal launch angle for APOBS rocket motor deployment to prototype an engineering
change to the APOBS system to optimize the deploywiethe APOBS to minimize geometric shapes.

The optimal deployment of the APOBS' grenades is a straight line. Due to rocket motor thrust, current
drogue chute drag or impulse drag of the rear backpack and/or drogue chute, environmental conditions or
someunknown factor during deployment results in the grenades deploying with a transverse wave along
the detonating cord. This transverse wave can result in-at@pe or loops forming along the detonation
cord. These nostraight geometric arrangements af R\POBS after deployment may result in

unexploded grenades as the grenades detonate from the rear and front fuzes to the center connector.

The technology must meet Threshold requirements = (T)
It is highly desirable that the technology meets Objectigairements = (O)
The system will meet the performance characteristics identified in Reference 1.

Deployment conditions

1. Emplacement Time:

1.1 Shall be capable of being emplaced and fired by a team of no more than two individuals in the
delay mode within 128econds (T), 30 seconds (O), while wearing the battle dress uniform. The
time parameters, though desired, are not required for individuals wearing cold weather and/or
Mission Oriented Protective Posture equipment.

2. Weight
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2.1 Shall have a maximum system weiglless Shipping & Storage Container) of 130 pounds, where
the weight of the Front Backpack by itself and combined weight of the Rear Backpack and
Softpack shall each weigh no more than 65 pounds. There shall be one APOBS per Shipping &
Storage Container.le weight of one APOBS with one Shipping & Storage Container shall not
exceed 230 pounds.

Current Weights:

Current front backpack (59.5 Ibs)
Current rear backpack (52.3 Ibs)
Current Soft pack (11.0 Ibs)

3. Deployment

3.1 Shall have a .95 probability of not eseding a maximum deviation of plus or minus 15 degrees
(T), 10 degrees (O) from the aimed line of fire in a cross wind with a velocity of 15 (T) or 25 (O)
miles per hour or less.

3.2 Shall have a minimum mission reliability of 0.90 (T), 0.95 (O). If the limerge crosses during
deployment and does not consume all energetic components when detonated it is considered a
“fratricide” and is counted as a failure.

3.3 Shall have a design with an effective range of up to 45m (T, current design); 70m (O).

3.4 Shall be effetive in clearing terrains up to 400 (T), 600 (O).

3.5 If the terrain slope is greater than 18% slope, a tool should be provided to enable the operator to
set the optimal launch conditions of the APOBS (T), variable slope up to 450 (O).

3.6 Able to be used in adoil types to include gravel, sand, clay, grasslands, and ice.

PHASE |:Develop concepts for APOBS technology that meets the requirements in the Description.
Demonstrate the feasibility of the concepts in meeting Marine Corps requireEsatdish that the

concepts can be developed into a useful product for the Marine Corps. Feasibility will be established by
material testing and analytical modeling, as appropriate. Provide a Phase Il development plan with
performance goals and key tectalimilestones, and that will address technical risk reduction.

PHASE II: Develop 30 prototype APOBSs, minimum, for evaluation to determine their capability in
meeting the performance goals defined in the Description. Demonstrate technology perfornoaigte thr
prototype evaluation and modeling over the required range of parameters. Evaluation results will be used
to refine the prototype into an initial design that will meet Marine Corps requirements; and for evaluation
to determine their effectiveness in@merationally relevant environment approved by the Government.
Prepare a Phase Il development plan to transition the technology to Marine Corps use.

PHASE Il DUAL USE APPLICATIONS:Support the Marine Corps in transitioning the technology for
Marine Cops use. Support the Marine Corps for test and validation to certify and qualify the system for
Marine Corps use. Potential dusde applications include path/trail clearance and road clearance.

REFERENCES:
1. APOBS Product description. Nammo. https://www.namcom/product/odproducts/grenades
warheadsenergetics/apobs/
2. “Anti-Per sonnel Obstacl e BickdoaddAérospage &Pgfensee m. ” Ensi gr
https://www.ebad.com/apobs/

KEYWORDS:APOBS, breaching, explosive, line charge, mines, obstacles, demolition

TPOG1: MatthewBolen
Email: matthew.bolen@usmc.mil
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TPOG2: David Keeler
Email: david.keeler@usmc.mil
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N231-002 TITLE: Seamless Knitted Mesh, Cold Weather Baselayer Undershirt and Drawer
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

OBJECTIVE:Develop a seamless undershirt and drawer that could replace the current, conventionally
cut and sewn mesh, cold weather baselayer undershirt and drawer.

DESCRIPTION:The Marine Corpsecently developed and is fielding a new cold weather, mesh

baselayer undershirt (MIDTL-MCO033) and drawers (MHDTL-MC032). The current garments are

constructed through conventional cut and sew technology and use three different fabrics: a mesh (MIL
DTL-MCO034), jersey (MIEDTL-MCO035), and rib knit (MIDTL-MCO036). The items are for use next to

skin in extreme cold weather. The mesh structure |
layers to allow for evaporation of sweat and creation of aikgtsckeeping the wearers dry and warm.

The technology used to construct the current gar m
manufacturers produce fabrics to specifications and test the fabrics to ensure they meet certain

requirements, which inctles, but is not limited to, construction, colorfastness, burst strength, launder

ability, and shade matching. The cold weather, mesh baselayer undershirt and drawers are constructed

with three fabrics, a mesh, jersey, and rib knit, meaning the threesfabthee current manufacturing

method must be produced separately. Once the fabrics are approved for use, they are shipped to the

garment manufacturer to cut the fabrics, based off a pattern, and sew them together to create the

undershirt and drawer. Thetcand sew process typically uses multiple operators to perform various

functions: one operator to cut and multiple operators to stitch the pieces together.

Newer seamless-bed knitting machines utilize technology that allows for knitting and garment

formation such as, but not limited to;shirts, leggings, shorts, underwear, compression, and maternity
wear, on one machine. This technology is used extensively in Asia and is slowly becoming more common
in the US. There are two main manufacturers of sesgsndbed knitting machines: Shima Seiki and Stoll.
These machines specialize in producing engineered panels or tubes with multiple stitches, such as
jacquards, ribs, or special textures. This capability requires less labor, less factory space, no sewing
thread, and creates less fabric waste. Seamless knitting can customize the placement of yarns to offer
varying permeability and knit constructions within a garment without seams. One knitting machine has
the capability to knit the entire garment, includadging cuffs, buttonholes or openings, collars, etc.

There is little to no waste as the knitting process takes the yarn directly from cone to garment, rather than
cone to fabric to cut pattern parts to garment.

A seamless garment would only need to ls¢ete once at the end of production, instead of fabric and
garment testing, to verify requirements for quality assurance in areas such as construction, colorfastness,
burst strength, laundebility, and shade matching. The manufacturing supply chain viceusthortened,
eliminating the cut and sewing operations.

Berry Amendment compliance is required

PHASE |:Conduct research on and determine the performance level of a seamless mesh undershirt and
drawer, as compared to the existing mestiershirt and drawer. Develop initial concepts and evaluate

their technical feasibility. Compare concepts to traditionally sewn seams using internationally recognized
standards and test methods such as those referenced in the American Associatiole & Herxists and
Colorists (AATCC) and American Society for Testing and Materials (ASTM) International to determine
the most appropriate concept(s) prior to down selection and subsequent assembly of prototype garments.
Develop a cost and durability companisbetween the current cut and sew base layer and the estimated
cost of a seamless mesh baselayer. Develop a Phase Il plan for prototype production.
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Develop and deliver fabric samples that meet all or most of the three fabric specs and provide fabric leve
test data comparing the developed samples to the current requirements. Validation/tests should
demonstrate where the seamless undershirt and drawer meets and/or does not meet the requirements, as
defined in the, Mesh, Cold Weather Baselayer UndershirCaawer Detail Specifications [Refs 1 and

2]. Integrate all three types of fabric into one swatch to demonstrate the construction transition. Yarns

with fiber content outside of the current specs, (MILL-MC034), jersey (MI-DTL-MCO035), and rib

knit (MIL-DTL-MCO036), will be considered if they meet all or most of the fabric specs. Any yarns
considered shall meet the Méelt, No-Drip (NMND) requirement, cannot contain cotton, and must meet
most fabric requirements.

Develop the program forseamless knit mesh base layer and provide a single demonstration model, also
referred to as a mockup, of a single seamlessly knit top and bottom. A garment constructed only through
seamless knitting is preferred though garments with the finishings limkeag cuffs or collar, will be
considered. Minor garment changes compared to the current baselayer shall be considered if needed to
improve manufacturability.

PHASE II: Optimize the proposed concept(s), work with Government entities for initial éssisent,

grade programs to sizeXd., work with government entities for subsequent fit assessments, and produce
prototypes for preliminary evaluations. Conduct material and syleteshevaluations against all test
methods deemed necessary by Textile Teldgists for the end use of the garment. Develop prototypes
to demonstrate and evaluate the suitability of the technology in a field evaluation.

Design, develop, and test prototype garments utilizing the best candidate seamless knitting technologies
seleted from Phase I. Provide at least 50 seamless sets (undershirt and drawer) in multiple sizes to the
Marine Corps for Marine Corps testing and evaluation.

Conduct a US manufacturing feasibility analysis using mesh undershirt and drawer as a demonstration

mo d el for the technol ogi es’ viability. Subject pr

specification requirements and laboratory durability prediction assessments using multiple launderings,
prior to user evaluation. Prototype garments will bestmtered for a Government user evaluation.

Following a user evaluation, the government will evaluate the prototype garments through objective
laboratory assessments and by collecting user feedback through focus groups to determine performance,
durability, reduction of bulk and weight, operational compatibility, and ease of care.

PHASE Il DUAL USE APPLICATIONS:Provide support in transitioning a seamless knitting
technology into appropriate Marine Corps garments. Develop a plan to determine the effestfehe
re-engineered clothing items in operationally relevant environments. Support the Marine Corps with
certifying and qualifying the garments for Marine Corps use.

There are a wide range of DoD uniform items that this technology could improveimgclptysical

fitness uniforms, Ishirts, base layers, other undergarments, and accessory items such as gloves. Further
research and development on this technology could result in foltogarments for Marine Corps use.

Interest in this technology has Imeshown by the Joint Service Chem/Bio clothing group for a knit
undergarment top and pants to eliminate seam leakage, and by NAVAIR for a seamless base layer system
to reduce bulk and chafing. Similarly, the Army has expressed interested in the searhiedsdg for

use in their base layers and the Navy has a current SBIR topic for the seamless manufacturing of the flight
deck jersey. The Marine Corps has additional interest in this technology to incorporate padding in

knitwear (i.e., elbow pads).

Commecial industries would also benefit from this technology. Sectors such as athletic base layers for
cold weather activities, i.e. hiking, climbing, skiing, etc. would be ideal transition partners interested in
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this technology. Other products that could use technology could include athletic leggings, winter
sweaters,-shirts, undergarments, gloves, beanie caps, and more.

REFERENCES:

1.

2.

3.

MIL -DTL-MCO033, DETAIL SPECIFICATION, UNDERSHIRT, MESH, COLD WEATHER
BASELAYER. https://navysbir.com/n23 _1/N23102-REF1-DRAFT-MIL -DTL-MC033.pdf

MIL -DTL-MCO032, DETAIL SPECIFICATION, DRAWER, MESH, COLD WEATHER
BASELAYER. https://navysbir.com/n23_1/N23102-REF-2-DRAFT-MIL -DTL-MC032.pdf

MIL -DTL-MCO034, DETAIL SPECIFICATION CLOTH, MESH KNIT.
https//navysbir.com/n23_1/N23002-REF-3-DRAFT-MIL -DTL-MC034.pdf

MIL -DTL-MCO035, DETAIL SPECIFICATION CLOTH, JERSEY KNIT.
https://navysbir.com/n23 1/N23102REF4-DRAFT-MIL -DTL-MCO035.pdf

MIL -DTL-MCO036, DETAIL SPECIFICATION CLOTH, RIB KNIT.
https://navysbir.com/n23_1/N23102-REF-5-DRAFT-MIL -DTL-MCO036.pdf

NAVY SBIR Topic N182124 Seamless Knittg for Military Protective Clothing
https://www.navysbir.com/n18_2/N1824.htm

AATCC 8- Colorfastness to Crocking: AATCC Crocketer Method; AATCC 15
Colorfastness to Perspiration; AATCC 46olorfastness to Light; AATCC 61Colorfastness to
Laundering, Home and Accelerated; AATCC-8§3H of the WateiExtract from Wet Processed
Textiles; AATCC 88B- Smoothness of Seams in Fabrics after Repeated Home Laundering;
AATCC 100- Antibacterial Finishes on Textile Materials, AssesshadnAATCC 135-
Dimensional Changes of Fabrics After Home Laundering AATCC-¥Y@rttical Wicking of
Textiles; AATCC Evaluation Procedure 1, Gray Scale for Color Change; AATCC Evaluation
Procedure 2, Gray Scale for Staining; AATCC Evaluation Procedumstéymental Color
Measurement; AATCC Evaluation Procedure 8, AATCStBp Chromatic Transference Scale;
AATCC Evaluation Procedure 9, Visual Assessment of Color Difference of Textiles. American
Association of Textile Chemists and Colorists (AATCC). hifpsyw.aatcc.org

ASTM D737- Standard Test Method for Air Permeability of Textile Fabrics; ASTM D3512
Standard test method for Pilling Resistance and other related Surface Changes of Textile Fabrics:
Random Tumble Pilling Tester; ASTM D377&tandard Test Method for Ma®er Unit Area
(Weight) of Fabric; ASTM D3787 Standard Test Method for Bursting Strength of Knitted
Goods ConstariRateof-Traverse (CRT) Ball Burst Test; ASTM D388%tandard Specification
for Tolerances for Knitted Fabrics; ASTM D619Standard Prdice for Stitches and Seams;
ASTM D6797- Standard Test Method for Bursting Strength of Fabrics Congtatéof-
Extension(CRE) Ball Burst Test; ASTM E214$tandard test Method for Determining the
Antimicrobial Activity of Immobilized Antimicrobial Agets Under Dynamic Contact
Conditions; ASTM D6413 Flame Resistance, Flame, Glow, GlBefore and After Laundering.
American Society for Testing and Materials (ASTM) Internationihs://www.astm.org

The Berry Amendm@ Restrictions for Clothing, Fabrics, Fibers, and Yarns,
https://www.trade.gov/berrgmendment

KEYWORDS: cold weather clothing; mesh knit; underlayer; base layer

TPOG1: JohnBauer
Email: john.bauer@usmc.mil

TPOG2: Jacqueliné&sewell
Email: jacqueline.e.sewell2.civ@mail.mil
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N231-003 TITLE: Broadband Antenna Solution for Vehidiéounted Electronic Warfare Systems
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)integrated Sensing and Qir

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitiveechnical data, or the Export Administration Regulation (EAR), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessetthe statement

of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Contraws.

OBJECTIVE:Develop an innovative and operationally suitable consolidated (minimized size and weight)
antenna solution for sensing and transmitting broadly across the electromagnetic spectrum with angular
resolution sufficient fogeclocation and direction finding.

DESCRIPTION:Marine Corps Systems Command (MCSC) provides velnndanted Electronic

Warfare Systems (EWS) for géacating, direction finding, and countering threats on the ground and in

the air. In order for these dgsns to be maximally effective against the breadth of potential threats, they

must be able to accurately sense and defeat a variety of complex threat signals across the electromagnetic
spectrum at once.

With the emergence of ultn@ideband photonic recggr technology that can very rapidly process, de

conflict, and identify threats across the entire frequency range of the electromagnetic spectrum, there
comes a need for complimentary broadband antenna hardware to sense and locate threats and transmit to
defeat them. Current antenna technologies are limited in frequency range and thus multiple antennae are
required to cover very broad ranges, especially at the lower end of the frequency range. Current
broadband antenna technologies also lack the precisiamgle of arrival in azimuth and elevation

critical to geelocating and direction finding.

Requirements for the Broadband Antenna for the Photonic Receiver

1 Capable of operating in the frequency range from as near DC as possible to 20GHz (Threshold),
80+CHz (Objective).
1 Must be accurate in angle of arrival in order to supporilgeation and direction finding.

Preference is maximizing angle of arrival precision and accuracy in both azimuth and elevation,

achieved with a threshold of no more than 4 antenwéth a preference that multiple antennae

occupy the same physical space. Antennae that occupy the same physical space will be
considered one antenna, even if they are electromagnetically multiple antennae. No single

antenna should exceed a 1ft cubeize 3

Total weight must not exceed 50 Ibs (T), 10 lbs (O).

Must receive and transmit across the entire frequency range (T), able to receive and transmit

simultaneously at the same frequency (O).

1 Must have an elevation and azimuth instantaneous beam afigittb° field of view (T) when
mounted on a vehicle platform. A 360° azimuth field of view is preferred but must be able to
resolve to 45° sectors (T). Higher resolution is desirable.

1 Must have a flat gain response within each octave of less than 1d8 §jdess than 0.5dB gain
(O). Small regions of nefiatness (up to 3dB off the gain) are acceptable so long as they can be
adequately characterized and assumed within the antenna pattern. A preference is provided to
solutions with a gain response bettean unity (0 dB) over the frequency range.

=A =
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1 Water resistant as the antenna is intended to be used as part of a vehicle mounted expeditionary
EWS.
Capable of functioning on the move.
Designed to meet MIL STD 810H, but testing of prototypes is not included in the scope of the
Phase | or Il research.
1 Must use standard radio frequency interfaces to easily integrate with PORs and the required
frequency interfaces need to be defined inaroposal. A preference is provided to minimizing
the number and type of interfaces needed to cover the entire frequency range.

=A =4

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with norégn Influence as defined by DOD 52202 National Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DSS and MCSC in order to gaireasdo classified information pertaining to the national
defense of the United States and its allies; this will be an inherent requirement. The selected company will
be required to safeguard classified material IAW DoD 52282fring the advance phasestios

contract.

PHASE |:Develop concepts for a broadband antenna that can be integrated with a photonic receiver and
vehiclemounted EWS, and that meets the requirements in the Description. Demonstrate the feasibility of
the concepts in meeting Marin@@s needs and establish that the concepts can be developed into a
useful product for the Marine Corps. Establish feasibility through modeling and simulation. Provide a
Phase Il development plan with performance goals and key technical milestones, ailtdtdtess

technical risk reduction and includes specification for a prototype.

The Phase | effort will not require access to classified information.

PHASE II: Develop a scaled prototype integrated with representative receiver(s) that cdvequleacy

range for evaluation purposes in an actual or simulated electromagnetic environment representative of the
breadth, volume, and complexity of an operational electromagnetic environment. Evaluate the prototype
to determine its capability in meetitige performance goals defined in the Phase Il development plan and
the Marine Corps requirements for integration with an EWS as thedneh&intenna. Demonstrate

system performance through prototyping. Use evaluation results to refine the prototygeiimitial

design that will meet Marine Corps requirements. Prepare a Phase Il development plan to transition the
technology to Marine Corps use.

The Phase Il effort will likely require secure access, and the contractor will need to be prepared for
persanel and facility certification for secure access (see note in Description section).

PHASE Il DUAL USE APPLICATIONS:Support the Marine Corps in transitioning the technology for
Marine Corps use. Develop the broadband antenna solution for evaluatetermide its effectiveness

in an operationally relevant environment. Support the Marine Corps for testing and validation to certify
and qualify the system for Marine Corps use.

As the communications industry grows and advances in capabipgnentially, antenna technology
remains an important enabler to maximize performance while minimizing cost and footprint. The
developer of this broadband antenna could potentially market the solutions or products derived lessons
learned to the communidans industry.
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REFERENCES:
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N231-004 TITLE: Technologies for Marine Corps Radars and Telecommunications Industry S
Band Spectrum Sharing

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)integrated Network Systents-Systems

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and importdefenserelated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), thiecountry(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on thésnay be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop automated retime/near reatime spectrum management tools, raffequency
sensing equipment, algorithms, and/or other technologies that aid Marine radgorpand spectrum
planners in spectrum sharing management; and-god#iction and optimizing radar coverage for
United States Marine Corps (USMC)hand radars operating within congested and contested EM
environments.

DESCRIPTION:The SBand portiorof spectrum has unique properties that make it desirable for both
military radars and telecommunications industry use, such as 5G. In the Continental United States, the
telecommunications industry and Congress are increasingly exerting pressure oreitte&emf

Defense (DoD) to either vacate or share significant portionsB&Sh d . A me-Band laitiatsre Mi d
for Telecommunications auctioned 3450MHz to 3550MHz to the telecommunications industry. The
Emerging MidBand Radar Spectrum Sharing initiatilieects DoD to study the ability to vacate or share
3100MHz to 3450MHz. Having to share or vacate this spectrum could severely compress the operating
space for USMC radars that operate iB&hd. Automated tools and planning aids can helpadlict

spedrum either through deliberate planning or through dynamic spectrum sharing.

Solution requirements include:
1 Must take into account geographic and electromagnetic (EM) environments and have the ability
to identify conflicts between radar systems and othaitters in the environment.
1 An environmental sensing capability shall be automated but also support manual identification
and placement of emitters in the environment.
Display the radar system and other known emitters on a heat map.
Identify possible conflicts and make recommeratatito the user, such as utilizing frequency de
confliction in the planning phase and/or EM Interference (EMI) mitigation opportunities in the
operational phase.
1 Work standalone as a planning tool or used in conjunction with a radar system to automate
changes to the operating parameters of the radar system to support dynamic spectrum sharing and
de-confliction efforts in reatime/near reatime.

il
il

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Ograted with no Foreign Influence as defined by DOD 5220M2Rlational Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency)(Da8wrly the

Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DSS and MCSCarder to gain access to classified information pertaining to the national
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defense of the United States and its allies; this will be an inherent requirement. The selected company will
be required to safeguard classified material IAW DoD 5228M2furing theadvance phases of this
contract.

PHASE |:Develop concepts and determine feasibility for planning aids, sensing equipment, software
algorithms, or other methods to assist radar operators and spectrum planners. International
Telecommunications Union prales recommendations ITU P.528 A Propagation Prediction Method for
Aeronautical Mobile and Radionavigation Services using the VHF, UHF and SHF bands and ITU P.452
Prediction Procedure for the Evaluation of Interference Between Stations on the Surfadeaotttiae
Frequencies Above About 0.1 GHz provide a baseline for developing the models. Demonstrate the
feasibility of military radars and commercial telecommunications systeragisting in the same

spectrum space. Establish that the concepts can blpedénto a useful product for the Marine Corps.
Material testing and/or analytical modeling, as appropriate will establish feasibility. Provide a Phase Il
development plan with performance goals and key technical milestones that addresses technical risk
reduction.

PHASE II: Develop a fullscale prototype for evaluation. Evaluate the prototype through bench or lab
testing to determine its capability in meeting the performance goals defined in the Phase Il development
plan and the Marine Corps requiremeioisS-Band spectrum sensing andadeanfliction. System

performance shall be demonstrated through prototype evaluation and modeling or analytical methods.
Conduct system testing in a relevant environment. Evaluate and compare the results to the defined
requirements. Prepare a Phase Il development plan to transition the technology for Marine Corps use.
It is probable that the work under this effort will be classified under Phase Il (see Description section for
details).

PHASE Ill DUAL USE APPLICATIONSClearly identify and describe the expected transition of the
product/process/service within the Government. Possible dual use applications include, civilian air traffic
control applications or weather radars.

REFERENCES:

1. International Telecommunication Uniéh528 A Propagation Prediction Method for Aeronautical
Mobile and Radionavigation Services using the VHF, UHF and SHF bands
https://www.itu.int/rec/RRECG-P.452/en

2. ITU P.452 Prediction Procedure for the Evaluation of Interference Between Stations on the
Suface of the Earth at Frequencies Above About 0.1 GHz provide a baseline for developing the
models https://www.itu.int/recHRECG-P.528/en

KEYWORDS: Spectrum Mapping; Spectrum Management; Spectrum Sharing; Radar; Radio Frequency;
Electromagnetic Compatility; 5G; SBand Radar
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N231-005 TITLE: One Way Luminescent (OWL) Tracer Technology for 40mm Ammunition
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and importdefenserelated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), thecountry(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on thisn@y be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop onevay luminescence (OWL) tracer technology that provides warfighters the
capability to see the path of projectiles without exposing their positions, dodéhan be immediately
adjusted instead of waiting for impact signatures.

DESCRIPTION:The intent of this SBIR topic is to develop OWL technology for 40mm ammunition.
This includes low, medium, and high velocity cartridges. Additionally, high exploeiy@iactice
cartridges are to be included.

The technology must meet Threshold requirements = (T)

It is highly desirable that the technology meets Objective requirements = (O)

1) Under Night and LowLight conditions:
a) Cartridge signature must lhaninescent. (T=0)
b) Cartridge signature must be nimtendiary and noffire producing (T=0)
c) Degree of visibility (DOV) from the gunner position mustlégs tharB0° (T); less thar25° (O)
d) Night Vision Goggles (NVG): Visible to the gunner for a range of ®0({); 1500 m (O)
e) Eyesight/Optics: Visible to the gunner for a range of 900 m (O)

2) Under Day conditionsvisible to the gunner for a range of 900 m (T); 1500 m (O). With or without
optics.

3) Does not degrade precision or reliability inva#ather climatic conditions in which Marines
operate. (T=0)

4) Does not increase cost per cartridiernore tharb% (T); by more tharl% (O)

5) Storage without degradation of compounds:
a) Duration: 10 years (T); 15 years (O)
b) Temperature: 25°C to 60°C (T):46°C to 70°C (O)

6) Rang is equal to or greater thanrrently fielded cartridges (T=0)

7) Muzzlevelocityis equal to or greater thamrrently fielded cartridges (T=0)

Current tracer technology has limitations in performance that this topic will address. This includes:
1 DOV:30°. Current technology has a DOV = 30° whi
position.
1 Degradation: The luminescent technology currently available degrades after extended periods of
time in storage. The decrease in effectiveness of the OWL technologysties lethality.

PHASE I:Develop concepts for OWL technology that meets the requirements defined in the Description
above. Demonstrate the feasibility of the concepts in meeting the Marine Corps requirements. Establish
that the concepts can beveloped into a useful product for the Marine Corps. Feasibility will be
established by material testing and analytical modeling, as appropriate. Provide a Phase Il development
plan with performance goals and key technical milestones, and that will adeithaical risk reduction.
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PHASE II: Develop prototype 40mm cartridges for evaluation to determine their capability in meeting the
performance goals defined in the Description above. Demonstrate technology performance through
prototype evaluation and mekhg over the required range of parameters. Evaluation results will be used
to refine the prototype into an initial design that will meet Marine Corps requirements; and for evaluation
to determine its effectiveness in an operationally relevant envirorappntved by the Government.

Prepare a Phase Il development plan to transition the technology to Marine Corps use.

PHASE Il DUAL USE APPLICATIONS:Support the Marine Corps in transitioning the technology for
Marine Corps use. Support the Marine Corpsédst and validation to certify and qualify the system for
Marine Corps use.

Commercial applications may include, but not be limited to, law enforcement.

REFERENCES:

1. Eshel, Tamir. OWL ammo will be all tracers but invisible to the enemy. 6 August Refehse
Update. https://defenagpdate.com/20140806_owl_tracers.html

2. US Army engineers developing new eway tracer round. Army Technology, 30 July 2014.
https://www.armytechnology.com/news/newsasmy-engineerslevelopingnew-oneway-
luminescencéracerround4331164/

3. South, Todd. Onevay tracers, spogfroof artillery and other Army ammunition developments
coming soon. 4 June 2019. Army Times. https://www.armytimes.com/news/your
army/2019/06/05/onevay-tracersspootproof-artillery-and-otherarmy-ammuntion-
developmentgomingsoon/

4. MIL-DTL-50863F w/ Amendment 5. 22 November 2021.
https://standards.globalspec.com/std/14495426/BTL -50863F%20(5)%20CONT.%20DIST
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N231-006 TITLE: Next Generation Toolsets for Weapons Separation Evaluations to Enable
Enhanced Strike Capabilities

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Computing and Software

OBJECTIVE.-Devel op a next generation software package t
trajectories after release from tactical aircraft to ensure safe and eftespamtion.

DESCRIPTION:As adversary aircraft detection and surfée@ir strike capabilities increase, the need

for long-distance, ovethe-horizon strike capabilities intensifies. The difficulty in simulating accurate
pre-flight trajectories increaseafyastically as more conventional-&irground strike capabilities like

Small Diameter Bomb Increment lIs (SBIB) continue to become smaller and lighter, allowing aircraft

to deploy more assets. Aiunched weapon systems are highly stressed duricrgfaiseparation and

terminal phases. Common design traits of effective-lamge weapons, such as high maneuverability,

low observability, and aerodynamic efficiency, often exacerbate this problem. During separation, modern
air-to-ground stores can digsite more than 10% of their energy arresting forces and moments imparted
by the aircraft environment. This level of energy loss can have profound impacts on the maximum range
of the weapon. For smaller and lighter stores, the influence of the aircrait duei separation phases
produces large body rates on the store, often in excess of 1000 degrees per second, which affects the
ability of the assets to complete their mission.

The current SiXDegreeof-Freedom (6DOF) trajectory solver, NAVSEP, is a FORNR#ased toolset,

which originated in the 1970s. Unfortunately, the use of FORTRAN makes it difficult to maintain or
increase NAVSEP’'s abilities to better predict and
multiple assets during separatiphases. As a result, NAVSEP lacks modern data analytics methods such

as data handling and interpolation methods, workflow automation approaches, and the ability to handle
complex autopilots featured in many modern weapon systems. These deficienciggaiiaargiy

increase analysis time required to assess weapon separation performance, especially between test flights.
Late identification of store separation and controllability issues during flight test can result in reduced

flight envelopes or asset regiign causing significant fielding delays.

A novel toolset with a core 6DOF equatiofimotion solver, an integrated visualization tool/workflow,

and an efficient miss distance calculator for generating proximity data between the aircraft and store is
soudht. The core 6DOF solver will synthesize freestream aerodynamic information, aircraft influence
data, and other external forces such as rocket motor thrust, bomb rack ejection forces, and so forth to
produce store trajectories across given employmenttisoje envelopes. The core 6DOF solver will

report diagnostic data for trouble shooting purposes. The computed store trajectories are paramount to
understanding separation dynamics to assess safety and weapon system controllability which are critical
to system performance.

This integrated visualization tool will use compuégred design (CAD) geometries of representative
aircraft and stores to produce animations of body trajectories output by the core 6DOF solver.
Visualizations will quickly assess pot@itareas of concern during release.

An integrated miss distance calculator will provide the means for quantitatively assessing the safety of a

given separation using trajectory data from the core 6DOF solver and CAD geometries from the

visualization toal Minimum miss distance is the most direct measurement of safety that exists, but it

comes at a higkomputational cost, which limits its utility. An efficient calculator that identifies the

location of this key metric will enable expanded utilization altichately enhance Naval Air Warfare

Center Aircraft Division"s (NAWCAD) organic separ
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The resulting flexible software package will be able to handle aerodynamic input data from legacy and
modern wind tunnel testing methods,rajovith Computational Fluid Dynamics simulation data, to
generatehigt onf i dence weapons’ trajectories near the
ensure stores separate safely from the aircraft before their design is finalized. Imatditimovel

software tool will assess separation dynamics, which are critical to weapon controllability and
performance.

PHASE I.Develop workflow, explaining a novel approach for simulating store trajectories using Next
Generation 6DOlequationof-motion solver. Approach must include interpolation schemes and be
compatible with Windows 10. The preferred solution is Operating System independent. For example, the
proposed tools/process could use webapps, function in platfaiependent enronments (such as

python scripts), or be compiled to run on modern versions of Windows (version 10), Mac OS (version
12), and RedHat Linux (version 8) operating systems with no special environments or libraries. Concept
software designs for integratedsualization tool and miss distance calculator will be generated with
performance estimations or simple demonstrations of capabilities showing time to compute. The Phase |
effort will include prototype plans to be developed under Phase Il

PHASE Il: Produe prototype toolset based on the Phase | results. Develop and refine toolset workflow
assuring accurate and efficient calculation and user interaction with computed data. Validate core 6DOF
calculations with relevant inputs simulating known trajectoriesnBnstrate entire workflow and

applicability with Navy Information Technology (IT) systems.

PHASE Il DUAL USE APPLICATIONS . Complete validation and verification of Next Generation
toolsets. Speed of code performance, as well as accuracy of calculatiparismns to existing tools
(where applicable), workflow and compatibility with Naval Air Systems Command (NAVAIR) systems
will be evaluated.

The resulting 6DOF computational modeling capability can be utilized for optimization and evaluation of
airdrop separation from commercial aircraft, ensuring safe separation and delivery of packages for
commercial and humanitarian relief applications. Because the core dynamic equations are derived from
general equations of motion, coupled with integratigoadhms to yield a trajectory, the product is able

to calculate the dynamics of several types of vehicles in motion, such as general aircraft, orbital launch
vehicles, and so forth [Ref 2].

REFERENCES:

1. Zipfel, P. H. (2000). Modeling and simulation of agpace vehicle dynamics. American Institute
of Aeronautics and Astronautidsttps://www.worldcat.org/title/modelirgnd-simulatiorrof-
aerospaceehicledynamics/oclc/885455158/editions?editionsView=true&referer=br

2. Zipfel, P. H. (2014). Advanced six degseef freedom aero sim and analysis in C++. American
Institute of Aeronautics. https://www.worldcat.org/title/advanseddegreesof-freedomaerc
simrandanalysisin-c/oclc/873763165?referer=br&ht=edition#borrow

KEYWORDS: Store Separation; SiRegreeof-Freedom; 6DOF; analysis toolset; trajectory; calculation;
visualization
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N231-007 TITLE: DIGITAL ENGINEERING- Digital Modelling and Simulation of
Maneuvering Hypersonic Weapons

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Hypersonics; Advanced Computing and Software

The technology within this topic is restricted under the International Traffic in AegsiRtion (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual estems. Offerors must disclose any proposed use of foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with thendaemznt.

Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop and advance computational simulation tools for modeling of weapon maneuvers
in the hypersonic flight regime.

DESCRIPTION:The maneuverability of hypersonic vehicles offers a significant tactical advantage as
maneuvering can increase both weapon survivability and lethality, especially in the endgame scenario.
However, it is importanto understand the design tradeoffs between maneuverability and effectiveness
(e.g., range, impact velocity, etc.) to ensure a high probability of mission success. Simulating the vehicle
environment and response over the entire trajectory withfidglity modeling tools is often intractable

due to the high computational cost. In practice -fmelity physics models (i.e., zeroth to firstder

models) are used to simulate the environment and response of the vehicle across its intended trajectory.
These dw-fidelity models often neglect a large degree of the complex physics encountered in the
hypersonic regime. To ensure vehicle performance and mission effectiveness, it is critical that
computational tools are able to accurately{3%% accurate) and éfently predict the vehicle

trajectory and its ability to maneuver during the glide phase and at endgame. New computational tools
and methods are desired, which leverage-pigitiormance computing and surrogate/redumeldr

modeling without degrading medfidelity while utilizing reduced computational resources for-full

trajectory and missioeffectiveness simulations. 9®5% accuracy is a reasonable goal. The modeling
approach will consist of a rocket boosted hypersonic glide body. The simulatibbesfinlafter rocket
separation. The glide body should glide along a predetermined powered trajectory and perform maneuvers
along the ingress to the target. Final selection of the study vehicle and associated propulsion system will
be made in Phase | witovernment agreement. The study vehicle should focus on phenomena in the
Mach 5-10 range. The end simulation shall be capable of sustained (minutes) in this regime.

Proposed solutions should include any relevant expertise and experience in preijbtidgdh
aerodynamics and development of associated simulation models. Demonstrated experienroedier low
modeling of highfidelity physics is a factor. Consideration could be given to interface definition for
compatibility with other higkidelity codes model attributes of relevant physics in the regime,
computational cost, and potential for integration into existing simulation tools like CREATE AV.
Company codes are acceptable but any new methods must be adaptable to government codes like
CREATE AV. Casideration should be given to the appropriate balance of computational cost, code
complexity, and accuracy of prediction. Uncertainty quantification of the tool is strongly encouraged.

PHASE |:Review the accuracy and cost of current industry standastinrgxcomputational

tools/methods at simulating the trajectory (including boost, ballistic, cruise, and terminal phases),
accuracy, and computational cost of hypersonic maneuvering vehicles. Assessments of computational
tools should address the adequacy fidelity of physical models, including, but not limited to,
aerodynamic models and flight trajectory models. Identify the gaps/limitations of existing tools/methods

NAVY - 34



VERSION 3

at accurately predicting vehicle performance over the full trajectory. For methodseltetemed

inadequate, describe how the method can be updated to make it suitable for hypersonic applications. Any
description of method development should capture the work required and associated risks. A canonical
vehicle geometry and associated soum® @e.g., flight test data, ground test data, etc.) should be

identified to support and validate any proposed method development to occur in Phase Il. Availability of
validation data is a consideration.

Availability of new or existingapproaches to reduce the computational burden associated with running
high-fidelity prediction tools should be evaluated. The Phase | product should focus on any existing
methods that could significantly reduce computational cost (e.g., CPU count, CBJrhemory

allocation, etc.), while not substantially impacting simulation accuracy. The Phase | report should provide
a detailed plan for Phase Il including schedules, important milestones, specific tasking, and availability of
computational resources.ute of DoD High Performance Computing resources is required, resource
requirements should be identified in detail. Maximum use-tiase resources is encouraged. The Phase

| effort will include prototype plans to be developed under Phase II.

PHASE II: Develop the computational tools/methods necessary to accurately predict vehicle response
over the vehicle's trajectory at reduced cost{36% computational cost reduction target). Any
computational tools developed should execute quickly on modest hardugar that trajectory analyses

can be performed with minimal turnaround time. The desired level of model fidelity and complexity
should be considered above that which is typically used in conceptual design tools. Multiple analyses per
day on multiple (< @) computing platforms is a reasonable target. Incorporate newly developed
tools/methods (e.g., ROM for aerodynamics) into existing DOD toolsets (e.g., CREXTEoducts or

others). Exercise updated toolsets using a generic hypersonic vehicle geometrglaatk predictive
capability against available test data. Determine metrics for quantifying uncertainty in simulation
predictions. Establish confidence intervals using uncertainty quantification toolsets/methods.

PHASE Il DUAL USE APPLICATIONSVerify and validate (V&V) the new methods based on
available test data. Methods should be updated based on the V&V effort. Additional analyses should be
performed on a Navy relevant configuration.

With the push for commercial aircraft operating at hypersordedg now part of the national discussion,
the tools and methods developed under this SBIR topic will have utility to the design and development of
future commercial hypersonic platforms.

REFERENCES:

1. Bertin, J. J., & Cummings, R. M. (200&ritical hypersonic aerothermodynamic phenomena.
Annu. Rev. Fluid Mech., 38, 12B57. https://doi.org/10.1146/annurev.fluid.38.050304.092041

2. Bertin, J. J. (1994). Hypersonic aerothermodynamics. AIAA.
https://books.google.com/books?hl=en&Ir=&id=NKOIAY _Cj2&Gi=fnd&pg=IA3&dg=Hypers
onic+Aerothermodynamics&ots=s5hkXdUREQ&sig=XtmVHoDzuVHdmsPUoVRHeOuxMlo#v
=onepage&q=Hypersonic%20Aerothermodynamics&f=false

3. Heiser, W. H., & Pratt, D. T. (1994). Hypersonic airbreathing propulsion. AIAA.
https://books.google.com/bogRhl=en&Ir=&id=d1sQvT2_kMsC&oi=fnd&pg=IA4&dg=Hypers
onic+Airbreathing+Propulsion&ots=f8xchg_WcA&sig=IIDSIJcbOMVRkbYUCUDoCuRagVPM#
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N231-008 TITLE: DIGITAL ENGINEERING - Broadband Reaime Data Bus
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)iIntegrated Network Systentd-Systems

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their counfies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic mestieted due to the

technical data under US Export Control Laws.

OBJECTIVE:Develop an open protocol, software and hardware to support the use of IP devices (e.g., an
Ethernetenabled sensor with an Etheregtabled mission computer system) over a SAGN7221 link
without interfering with a MILSTD-1553 connection being used concurrently.

DESCRIPTION:Many currently fielded Navy platforms use the serial bus standardSWI-1553. The

standard features multiple redundant balanced line physical layers, a (differential) network interface, time
division multiplexing (TDM), haduplex command/response prosh and can handle up to 30 devices.

Typically, this ensures that platforms have taiial (coaxial) cabling installed throughout the asset,

even including weapons interfaces, which connect to external mounted weapons or information pods. The

data rateexhibited by MIL-STD-1553 (around 1 Mbps) is insufficient for many platform data

requirements,; for example, full motion video surveillance, software defined radio interfaces, and raw

radar data transfer. In 2016, STANAG 7221 was introduced, which desthib®&roadband, Redime

Data Bus (BRTDB) Standard which supports up to 200 Mbps data transfer over the saméaivin

cabling currently in the platforms without interfering with the existing MILD-1553 data transfer.

Essentially STANAG 7221 utilizes Digital Service Link (DSL)ike frequency division multiplexed

(FDM) architecture. Digital Service Link is defined as the following: transport service delivered via the

internet or other electronic network, which is automated and requires little tarramhintervention to

operate. For this SBIR topic, implementing STANAG 7221 implies the higher data rate (and higher

frequency) STANAG 7221 signals can-erist with the standard MUISTD-1553 signals (at lower

frequency). Ceexistence of these signalsosa ngl e bus is by this definitio
spread spectrum (signals at high and | ow frequenci
This feature is extremely powerful considering the difficulty involved with changing cabfeyarations

on aircraft (impacting the Operational Flight Plan) and changing cable configurations on Navy ships

(impacting the certified ship configuration).

With most sensors and computing devices supporting IP over Ethernet, in a typical envirtwes®nt t

items can easily be added, removed, or moved in a platform network with a simple configuration change
and the movement of some standard connectors, oftd®» RIMIL-DTL-38999. In contrast, the use of
STANAG 7221 requires some significant developredfurt to adapt a device specific proprietary

interface to the 7221 data physical layer at both source and destination.

The proposed solution should support Standard Network Management Protocol v3 (SNMP) for

management and statistics, or an equivaleatbeptable standard. The design should consider warfighter

ease of use to create a data bus that is legacy compatible and does not impact the standard 1553 bus
configuration, effectively “plug damsddtrafficay, ” t o en:
simultaneously. Warfighter input as a key design input is recommended. This solution should be

prototyped and tested against programmatic requirements and not require a Depot maintenance cycle to
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implement (i.e., be installed either at the Operational@inme di at e | ev el of mainten
or “Plug and Play” without any required user confi

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
owned and operated with no foreipfluence as defined by DoD 5220-BR National Industrial Security
Program Operating Manual, unless acceptable mitigating procedures can and have been implemented and
approved by the Defense Counterintelligence and Security Agency (DCSA) formerly ©Stmsity

Service (DSS). The selected contractor must be able to acquire and maintain a secret level facility and
Personnel Security Clearances. This will allow contractor personnel to perform on advanced phases of
this project as set forth by DCSA and MAIR in order to gain access to classified information

pertaining to the national defense of the United States and its allies; this will be an inherent requirement.
The selected company will be required to safeguard classified material IAW DoD 522@.@ihg the

advanced phases of this contract.

PHASE I|:Create and demonstrate the feasibility of a-tisa¢ broad band data bus capable of supporting
legacy MIL-STD-1553. and also demonstrate transmission of data at a higher data ratebéngivadth

traffic on a common data bus. Methods for bridging data and providing link status should be investigated.
Issues associated with using STANAG 7221 should be investigated and mitigated. The Phase | effort will
include prototype plans to be devedgpunder Phase II.

PHASE II: Develop a prototype hardware solution with integrated software, which is able to drop in and
provide IP connectivity at STANAG 7221 speeds over MILD-1553 bus with no manual configuration
required.

Work in Phase Il may beme classified. Please see note in Description paragraph.

PHASE Il DUAL USE APPLICATIONS:Further develop, transition, and integrate a production level
device, which can be installed on platforms and used to transport IP data at 7221 data rates over 1553
buses.

The commercial sector has mostly adopted higher data rate standards th&iM1I553. However, the

use of TimeDifferential and FrequeneRifferential modulation on the same channel has industry

application and can be ported to analogous sysfehis.also serves as a precursor for Fiber Channel
communications and Free Space Optics, which are used currently in industry and will later be adopted by
Military armed forces once affordabl e, and coinci
investments.

REFERENCES:
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N231-009 TITLE: DIGITAL ENGINEERING - High-Speed Dat&eturn for Tactical
Environments

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls thexport and import of defenselated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposegderform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a solution to utilize data that would otherwise be wasted, and use it to determine
near reatime solutions for ongoing and soon to beated missions.

DESCRIPTION:U.S. Navy aviation platforms continue to add sensors and storage for data/intelligence
collection. While some of that data informs battlespace management teams, often subtle, useful data
returns with the platforms after a mms, without being analyzed and exploited.

There is no current process to cull and analyze such data for timelyiffrealear reatime) and useful
information (not already identified and designated in thetieed battlespace management arena) capable
of informing mission planning and tactics development teams forfugae exploitation. Hand analysis
alone by individuals is unlikely to meet this need. Therefore, the Navy requiresgégh data returns

for tactical environments. Today there ex&tseed to create/enhance the ability to download, aggregate,
and analyze seemingly innocuous or inconclusive data gathered by tactical and strategic sensors and
provide possible tactically relevant conclusions for timely (hours/days) exploitation tomydsimers.
Within the Department of Defense and similar agencies, there could certainly be vast opportunities for
technology transfer and adaptation. The analysis and use otiatatavithin law enforcement and similar
agencies is a useful guide. Adajiat outside the armed forces could also be numerous, depending on
adaptability of any software and/or algorithms involved (biomedical, etc.).

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
owned andperated with no foreign influence as defined by DoD 522M2Rlational Industrial Security
Program Operating Manual, unless acceptable mitigating procedures can and have been implemented and
approved by the Defense Counterintelligence and Security AgBxz3A) formerly Defense Security

Service (DSS). The selected contractor must be able to acquire and maintain a secret level facility and
Personnel Security Clearances. This will allow contractor personnel to perform on advanced phases of
this project aset forth by DCSA and NAVAIR in order to gain access to classified information

pertaining to the national defense of the United States and its allies; this will be an inherent requirement.
The selected company will be required to safeguard classified eldfa' DoD 5220.22M during the

advanced phases of this contract.

PHASE I.Design, develop, and demonstrate feasibility of data aggregation, analysis, and exploitation
construct that meets tactically relevant mission planning timelines (minutes/howsgbefarious sea,

air, space, and cyber mission planning tools. The Phase | effort will include prototype plans to be
developed in Phase II.
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PHASE Il: Finalize, test, and demonstrate a prototype that can locally aggregate, analyze, and exploit
tacticallyrelevant information- not exploited/exploitable during reime battle managemengathered
by disparate naval aviation platforms for follem mission planning.

Work in Phase Il may become classified. Please see note in Desqgpigtagraph.

PHASE Il DUAL USE APPLICATIONS:This is an issue that transcends naval air platforms as it
addresses the efficient utilization of data in a virtual environment where there is an overabundance of data
being collected and stored, but not alwatikzed. Massive amounts of data being collected and then

stored without being utilized for its near rdimhe value is not limited to armed forces, it is an issue that

can be alleviated within private sectors supporting critical infrastructure.

REFERENCES:
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https://hal.archivesuvertes.fr/hal
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N231-010 TITLE: Active Low-Voltage ThinFilm Lithium Niobate ElectréOptic Modulator
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Microelectronics; Advanced Materials

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and importdefenserelated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), thecountry(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on thisn@y be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop an electroptical device that can practically, and reliably, enable the direct
connection between an antenna and a photonic link on a tactical platform.

DESCRIPTION: Radio frequency (RF) photonic systems offer wide bandwidths and unique signal
processing that can advance the capabilities of microwave, and milkweater receivers [Refs 1, 2].
With the addition of the direct antenna to photonic link, propasé¢is SBIR topic, RF photonic systems
can also increase the sensitivity, dynamic range, and flexibility of microwave, and millinaatey
receivers.

With the addition of wavelength division multiplexing (WDM), multiple RF over fiber (RFoF) links can

be matched with an antenna array to independently return all the RF signals from an antenna array over a
single fiber. Such a system could increase the sensitivity and dynamic range of the array and mitigate the
coaxial cabling weight and loss. On oneitadtplatform, the switch from RF cabling to RFoF would

result in an estimated 200 Ibs. of weight reduction. With a direct antenna to photonic link, the temperature
sensitive elements of the photonic system can be contained in a protected environmethevitiatical

platform where size, weight, and power (SWaP) and environmental constraints are relaxed.

RF photonic system designs have traditionally been hampered by poor Spurious Free Dynamic Range
(SFDR) and high noise figures (NF) due to the performari¢he electraptic modulator that converts

RF to RFoF.

The high noise figure is primarily caused by the large-Walfe voltage (Vpi) of the electiaptic

modulator and low optical power levels [Ref 3]. The high noise figure is typicadiicome by the

addition of a traditional low noise amplifier (LNA) being placed in front of the modulator. The LNA can
lower the noise figure, but it is vulnerable to electromagnetic interference (EMI), and it limits both the
bandwidth and the SFDR of tlwerall system, so that the full capabilities of the RF photonic system
cannot be realized.

The dynamic range in an RFoF system is dependent largely on the optical power level. High optical
power levels can melt or burn fiber connections due to impsiiitithe epoxy used to glue fiber pigtails
or dirt in the connectors. These challenges typically make high optical power difficult, or even
impossible, to use in tactical systems due to concerns of manufacturability, reliability, and
maintainability.

An dectro-optical device that can directly connect between an antenna and a photonic link without an

LNA will need to overcome the high halfave voltage (Vpi) of the modulator and the high optical power
necessary to achieve the required noise figure and SFDR
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Recent advances in thin film Lithium Niobate (LINbO3) modulators have demonstrated that a Vpi of < 1
V is achievable with low insertion loss within an Integrated Photonic Circuit [Rélls 4

An active thin film LINbO3 modulator is a device tltimbines a high power optical amplifier with a
thin film LINbO3 modulator on a single photonic integrated circuit. This device achieves both the RF
performance and system reliability by isolating the kpglwver optical elements to within a single
photonicintegrated circuit.

This device will accept an optical power input from a fiber pigtail in the range of 10 dBm to 20 dBm
between 15361565 nm. The optical signal will be amplified to 30dBm with a constant output amplifier
that is integrated on a photonintegrated circuit to directly feed a thin film LiNbO3 modulator in a
MachZehnder configuration. The device will provide a 50 ohm RF input with an RF Vpi = 0.5V
@20GHz and a 3dB bandwidth at > 30 GHz. The device will provide a dual fiber pigtail ougmattie
balanced detection [Ref 7]. The thin film LiNbO3 modulator will have a < 3dB optical insertion loss to be
demonstrated by a measured optical power level of 27 dBm out of one of the output fibers in a null or
peak bias configuration. The expectedoRHink performance using the device is a Noise Figure of 3db
and an SFDR of 116dB/Hz at 20GHz, and a total link bandwidth e3@Ghz

The SWaPC of the device must be < 50cm? to enable mounting at the antenna on a tactical platform. The
device should @émonstrate an amplifier efficiency of 10% or greater with plans to achieve an operating
case temperature e60 °C—+80 °C. Monitoring and control circuitry for the amplifier and modulator

should be seltontained within the device requiring only DC powethe device [Refs-8.0].

PHASE |:Develop a chigevel layout and packaging concept for an active thin-bsed LiNbO3

modulator with a clear path to meeting the specifications detailed in the Description. Identify key risk
areas to realizing the desd modulator performance and packaging constraints, and mitigate these risks
using dielevel demonstrations and packaging process development. Demonstrate that a modulator can
achieve the desired RF performance specifications with a-pfgmincipal benxchtop experiment. The

Phase | effort will include prototype plans to be developed under Phase II.

PHASE II: Optimize the Phase | design. Create, and test a functioning active thimafiied LiNbO3
modulator, and package the modulator. Demonstrate agedkfibepigtailed prototype for direct

insertion into a photonic link. Demonstrate the Vpi, optical power levels, and amplifier efficiency.
Demonstrate prototype operation in an RF photonic link showing compliance with the objective noise
figure, SFDRand frequency range. Characterize the temperature sensitivity of the packaged device and
develop a packaging concept to meet the full environmental requirements. Show a path to
manufacturability up to 5000 devices/year.

PHASE Ill DUAL USE APPLICATIONS:Support the DoD in transitioning the proposed modulator.

This will include working with a program office to develop a final packaging design that meets the

platform SWaP and environmental requirements and developing systems specifications for the associated
analog photonic links.

Development of these modulators has widespread commercial applications from 5G/6G signal routing to
low-power digital telecommunications and data center routing.

REFERENCES:
1. Urick, V. J., Jr., Williams, K. J., & McKinney, J. D.@25, February 6). Fundamentals of
microwave photonics. John Wiley & Sons. https://doi.org/10.1002/9781119029816
2. Devgan, P. S. (2018). Applications of Modern RF Photonics. Artech House.
https://www.worldcat.org/title/applicationsf-modernrf-photonics/oclé1029482016

NAVY -43



VERSION 3
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N231-011 TITLE: Optical Additive Manufacturing in MidVave and LongVave Infrared Bands

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Computing and Software; Advanced
Materials

OBJECTIVE:Demonstrate the capabilities and benefits of applying-sfatiee-art additive

manufacturing (AM) for MidWave (MWIR) and LongNave infrared (LWIR) refactive lenses, and
optically transparent windows, by developing novel AM methods and processes using toxic precursor
materials.

DESCRIPTION:For the last few decades, the military has used LWHZ8m wavelength range) and
MWIR (3-5 um wavelength ranyeensors and cameras for reconnaissance and surveillance of targets of
interest by thermal emissions.

These MWIR and LWIR sensors and cameras use hazardous materials, mercury (Me), cadmium (Cd), and
tellurium (Te) as precursor materials in their opti@nufacturing. Indium phosphide (InP) and zinc

sulfide (ZnS) have emerged as a presumably less hazardous alternative to eadsgidmaptics, yet little

is known about their toxicological effects.

Currently, no commercial AM system can be used to rep#iRland LWIR imaging quality optical

glass with sufficient dimensional accuracy and surface finish. A robust MWIR and LWIR AM process to
perform net deposition of MWIR and LWIR optical materials on existing glass substrate, which can
provide MWIR and LWIRoptical imaging surface quality, is needed. This MWIR and LWIR AM process
should be able to deposit hazardous MWIR and LWIR optical materials within the desired transmission
band, and provide a smooth optical surface quality, so that minimurpmastssig is needed. With
homogeneous glasses, AM has the potential to rapidly repair existing MWIR and LWIR optical systems
with no or minimal post processing (e.g., least amount of time for a final polish to achieve a desired
surface flatness, such as lambda/Ihis will dramatically enhance the logistics and maintenance of the
Navy's optical systems.

In January 2007, President George W. Bush signed Executive Order (EO) 13423 (2007) Strengthening
Federal Environmental, Energy, and Transportation Managemaguiring government agencies to

reduce the quantity of toxic and hazardous chemicals and materials that are acquired, used, or disposed.
Cadmium is among the chemicals to be reduced by the DoD. As a result of this regulation, the use of
cadmium significany raises the maintenance costs throughout the life of MWIR and LWIR sensors and
cameras.

Due to these increasing costs, regulatory pressure, and risk to personnel performing, a robust MWIR and
LWIR AM process to repair MWIR and LWIR optical sensors anderas with good optical properties

and surface quality is needed. This MWIR and LWIR AM process should be able to deposit MWIR and
LWIR optical precursor materials within the desired transmission band and provide a smooth optical
surface quality so that mimum postprocessing is needed.

The Navy desires to understand how to implement and use a novel MWIR and LWIR AM process with
respect to:

(a) optical materials deposition within the desired transmission band, thus providing optics with an optical
surface quality of lambda/10 flatness with minimum gasicessing; and

(b) how and when MWIR and LWIR AM will be financially beneficial to suppi@id optical repairs.

Emphasis should be placed on MWIR and LWIR AM systems with respect to minimizing hazards, risks,
accidents, and near misses, cost reduction (both production ardédonring Engineering (NRE) for

tooling), sustainability (waste reduction, reduced neethfge dedicated tools, etc.), and AM

NAVY -45



VERSION 3

manufacturing process improvements. The proposer should consider this effort as the innovative
advancement of developing a novel MWIR and LWIR AM systems for MWIR and LWIR optical
components repairs that meets thediwihg performance objectives:

1. Prove by demonstration the stafethe-art novel MWIR and LWIR AM methods to produce

an optical surface with a flatness having the following characteristics: (a) a net surface flatness of

lambda/10, Centration = 3 arc mieg, Clear Aperture > 90% of Diameter; (b) with a

transmission window from-35 pm and a second transmission windew® um; (c) Clear

aperture must be 3 in. in diameter; and (d) a thermalized design that must work4fcim

90°C.

2. Provide a cost andais of MWIR and LWIR AM for MWIR and LWIR optical components

versus machining or tooling, which should include the cost of time to acquire the parts (impact on

enabling a rapid prototype turnaround), as well as material and any associated labor costs.

3. Based on research, develop a timeline of events for when the developed MWIR and LWIR AM

technology may be extended to higite production of optical components.

4. Develop a plan and process for using the developed AM technology for the manufacturing of

MWIR and LWIR optical components, and ultimately implemented to develop and manufacture

selected MWIR and LWIR optical components.

PHASE I:Analyze the current statef-the-art MWIR and LWIR AM technology. Identify the

technological, innovative, and reli¢iby challenges to determine the feasibility of using MWIR and

LWIR AM for the refurbishment of MWIR and LWIR optical components (the required optical
properties, full densification, and smooth surface finish, as provided in the Description), and propose a
plan for how these will be addressed. Perform a preliminary identification of hazards and cost
comparisons for MWIR and LWIR AM of MWIR and LWIR optical components.

Demonstrate the feasibility of the concept in meeting topic description, and estadiigtetboncept can

be minimally toxic, feasible, and affordably produced. Feasibility will be established by some
combination of initial prototype testing, analysis, or modeling. Affordability will be established by
analysis of the proposed materials anakpsses, and by comparison to existing and established
semiconductor, additive, and automated manufacturing techniques. The Phase | Option, if exercised, will
include the initial design specifications and capabilities description to build a prototygeMsiiR and

LWIR AM. The Phase | effort will include prototype plans to be developed under Phase Il

PHASE II: Design and fabricate, using MWIR AM, a MWIR window with an 8° or 0° face angle for
imaging in the MWIR (35 um) with a surface flatness of lambtia. Perform optical testing on the
components and compare to current production components. Integrate the prototype components into a
U.S. Governmenprovided unmanned air vehicle (UAV) turret assembly, and perform a series of
evaluation tests to validateasibility. Government provided UAV specification documentation that
includes metrics and testing methods will be provided prior to Phase Il. Develop an initial process that
will be further refined in Phase Ill as part of Government depots using the MWARWIR optical
component MWIR and LWIR AM capability, including a timeline of events envisioned.

Determine optimized processing conditions, cost model, and report commercial viability of MWIR and
LWIR AM process.

PHASE Il DUAL USE APPLICATIONS:Provide representative prototype samples using the developed
AM process to a U.S. Government laboratory and a Government depot. Evaluate, by conventional
metrology, the innovative optical surface with the flatness, as stated in the Description, to ensure the AM
process is on par with an optical flatness produced by common practice. Transition the AM process to a
U.S. Government laboratory and a Government depot. Perform testing and make improvements to the

NAVY - 46



VERSION 3

AM process based upon t h esulGdegnmpndaang optical M&NRaridu at i on
LWIR AM components for field testing and use in military systems.

Laser manufacturers, camera manufacturers, and imaging technology manufacturers will benefit from this
AM technology because they can now specifstomsize optical components with unique MWIR and
LWIR transmission profiles that are not currently available with conventional optical processing.
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N231-012 TITLE: Compact, HighPerformance Metamaterial Acoustic filter with Monolithic
Integrated Signal Processor

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)integrated Sensor and Cyber; Advanced Materials

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export amdport of defenseelated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals(FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perforthis topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop passive acoustic metamaterials that can be combined/supplemented with the
Navy's existing acoustic sens o hefdlavingstmulfareoumand nal o g
substantial performance improvement objectives:

(a) 10X improvement in the signal to noise ratio;

(b) 1000X reduction in the amount of pesteption signals requiring Analog to Digital (A/D) &

D/A conversions, digital prossing, and sensao-aerial platform transmission, thereby

significantly and commensurately improving the overall system speed and reducing the sensor

power consumption.

DESCRIPTION:Naval underwater acoustic sensors operate in an undeevaieonment that is

inundated with noises from multiple natural and maade sources such as breaking waves, marine lives,
and ship traffic. Reducing the noise | evel in an
the sensitivity in detding acoustic signatures of modern underwater ever quieter naval targets. Since

naval underwater acoustic sensors are deployed in water as expendable sensors, they also are constrained
by limited onboard power supply, as well as the latency in systermaoritation and information

processing with the aerial platform. Acoustic metamaterials have recently demonstrated the full control of
acoustic waves'’ a mp H], anditdeecfore ereatd the unEaleled pptddaltsbe 1

used as an integied analog signal processor within a sensor. This unique characteristic of the
metamaterials is revolutionary, as the conventional acoustic sensors alone cannot possess any sensed
signal or information [Refs-&]. A passive acoustic metamaterial layer ntedron the front end of an

acoustic sensor can process the incoming acoustic signals, extract, and identify the acoustic signatures
before acoustito-electrical transduction, A/D conversion, and sefieaaerial platform transmission.

Such analog signakrpcessing components will lead to significantly increased sigradise ratio,

reduced power consumption, and improved sensing speed compared to the existing legacy systems that
directly capture and relay all the received digital signals to the aextébqoh for backend digital

processing.

One pragmatic approach for implementing this multifunctional metamaterial filter/processor for

improving the signato-noise ratio is to implement acoustic frequency and spatial filters into the

metamaterial filtefayer to remove the noises from various sources. Those filters can be created with

arrays of subwavelength resonance structures. For instance, if the center frequency and direction for the
acoustic signal reception are f_0 and a_0, respectively, onhgie@swithin a narrow frequency band

(e.g., f_0 = 0.1f_0) and direction range (e.g., a_0 * 10°) will be able to pass through the metamaterial

layer and reach the underlying sensor. Noise outside the designated frequency and direction ranges will be
rejece d . I n addition to metamaterial’s noise reduct.i
metamaterial layer is multifunctional and also possesses the aforementioned uniquehayagimey

feature of extracting and identifying relevant underwatgustic target signatures without the traditional
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backend postreception digital computational processing. Only those extracted features will be converted
to electrical signals, digitalized, and transmitted to the aerial platform. As a result, thedebeaul

1000X reduction in the poseception and postetection information signals that require A/D & D/A
conversions, digital processing, and sefteemerial platform transmission, thereby significantly and
commensurately improving the overall systeraegh Last, but not the least, as the acoustic metamaterial
layer is a completely passive structure that has no power consumption, the associated electronics of the
acoustic sensor will consume less power and have lower complexity proportionally comphetato

existing legacy sensor system.

It is therefore the goal of this SBIR topic to develop passive acoustic metamaterials that can be
combined/ suppl emented with the Navy’s existing ac
with the following simultaneous and substantial performance improvement objectives:

(a) 10X improvement in the signal to noise ratio;

(b) 1000X reduction in the amount of pesteption signals requiring A/D & D/A conversions,

digital processing, and sengoraerial plaform transmission, thereby significantly and

commensurately improving the overall system speed and reducing the sensor power consumption.

PHASE I.Determine feasibility of suitable acoustic metamaterials and the design procedure for a passive

signal proessing layer that extracts underwater target signatures from acoustic echo signals. Develop a
detailed concept design that shows 10X improvement in the gignalse ratio and 1000X reduction in

the amount of pogteception and postetection informatiomequiring A/D & D/A conversions, digital

processing, and senstraerial platform transmission. Modeling and simulation, or other rigorous and
scientifically sound methods, should be used to d
accordance withhie stated metrics of interest. Begin development of a prototype manufacturing plan for

Phase Il. The Phase | effort will include prototype plans to be developed under Phase II.

PHASE II: Develop, demonstrate, and validate a vdelfined deliverable protgpe, which meets topic
requirements. Test and evaluate the acoustic filtering and signature detection performances of the
prototype in a laboratory setting and then in a relevant simulated operating environment compatible with
intended naval applicationBeliver a prototype, including recommendations for lesgale

manufacturing.

PHASE Il DUAL USE APPLICATIONS: Support the Navy in transitioning the technology for DoD use.
Since the design and prototypes are generic, assist in applying the desigeifar sygem applications
such as active or passive underwater target detection and identification.

The industrial and medical sectors can also benefit from this crucial;¢faanging technology
development in the areas of acoustic detection and idetiifn for industrial equipment and noninvasive
health monitoring and sensing with unprecedented stgaabise improvements.
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N231-013 TITLE: Tip-Off Optical Reconnaissanegensor for Counter Hypersonics (TORCH)

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy; Integrated Sensing
and CyberHypersonics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive tectuail data, or the Export Administration Regulation (EAR), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possesselde atatément

of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws

OBJECTIVE:Develop and demonstrate critical elements of advanced optical system design for the
detection, identification, and tracking of hypersonic cruise missiles to provide early cueing fitiexed
and ship selflefense systems in a tiered fixedlanobile network utilizing both unmanned and manned
platform concepts.

DESCRIPTION:Due to the rapidly escalating threat that hypersonic vehicles present to Armed Forces of

t he United States, it i's desirahmlfd "t mlheave troeliinaol
hypersonic vehicles. This SBIR topic is looking to augment a stationary and mobile tiered capability with

a unique optical sensor capable of addressing this threat type. This capability is also measurement and
signature intelligenc€MASINT).

Hypersonic weapons represent a new and disruptive threat to Armed Forces worldwide. The operational
attributes of this class of vehicle present a unique detection and defense problem. There is a need for
advanced sensing to support initial detecon ( “ti pof f "), as well as targe
systems. A unique attribute of hypersonic weapons is the ability to maneuver and approach a target area

from many potential directions, which vastly complicates the sensing problem by iingréeesrequired

search volume and requiring increased sensing resources. To be usefu&fiectige, distributed, eardy
warning sensing architecture is required to provi
threats.

The attribute®f such an architecture include, but are not limited to:
(a) a passive sensor with target classification capability,
(b) capability to relay communications through multiple pathways, and
(c) a costeffective and covert platform.
Sensor Chip Array (SCA) target metric characteristics include, but are not limited to:
(a) Format 1024 x 1024
(b) Pixel Pitch 20 pum x 20 um
(c) Wave Band Optimized MilVave Infrared (MWIR)
(d) Quantum Efficiency 80%
(e) Operating Temperature 150 K &jp
(f) Frame Rate 2.5 kHz (full frame), -BD kHz (windowed)
(g9) Read Noise (input referred RMS) 350 e
(h) Well Depth 250 ke
() Single Sensor FOV 34°
() NEI (measured) 2E11 photon/cm3s
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Work produced in Phase Il may become classified. Nidte:prospective contractor(s) must be U.S.

owned and operated with no foreign influence as defined by DoD 52BA).Rational Industrial Security
Program Operating Manual, unless acceptable mitigating procedures can and have been implemented and
approved i the Defense Counterintelligence and Security Agency (DCSA) formerly Defense Security
Service (DSS). The selected contractor must be able to acquire and maintain a secret level facility and
Personnel Security Clearances. This will allow contractor peedoamperform on advanced phases of

this project as set forth by DCSA and NAVAIR in order to gain access to classified information

pertaining to the national defense of the United States and its allies; this will be an inherent requirement.
The selected eopany will be required to safeguard classified material IAW DoD 52201 2ring the

advanced phases of this contract.

PHASE I|:Define sensor carrying requirements in terms of power, volume, weight, noise limitations,
motion limitations, and so forth. Idéfy specific configuration(s) to be included, and develop the strategy
and design of integration and scale of the autonomous platform. Define the prototype system to include
the requirements of observation behaviors, software, and communications toadlosvative sensor

array technology. The Phase | effort will include prototype plans to be developed under Phase Il

PHASE Il: Develop a prototype that can perceive, identify, and track a hypersonic vehicle in an idealized
Navy data collection. Furtheesgelop a prototype and demonstrate it on a manned or unmanned system.
Perform groundor seabased trials data collection of individual vehicles in terms of feature identification
performance, operational agility, and accuracy. Perform limited sea stiala analysis of airborne

objects.

Work in Phase Il may become classified. Please see note in Description paragraph.
PHASE Il DUAL USE APPLICATIONS: Complete final testing and perform necessary integration and
transition for use irounterhypersonic surveillance and monitoring operations with appropriate current

platforms and agencies and future combat systems under development.

Commercially, this product could be used to enable remote airborne environmental and satellite
monitoring.
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N231-014 TITLE: Multistatic Radar Network Distributed Time, Frequency, and Phase
Synchronization System

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)integrated Sensing and Cyber

OBJECTIVE:Develop and demonstrate an adaptive distributed time, frequency, and phase
synchronization system having a clock capable of achieving a stability leskEi&iisqrt(tau) with
flicker floor less than 187 with a 1E16 longterm stability for a multistatic radar network.

DESCRIPTION:There is a Synthetic Aperture Radar (SAR) network requirement for a precise space

time synchronization system. Thingency of this synchronization requirement tightens with increasing
bandwidths and carrier frequencies. Moreover, time errors translate to range errors, and phase and

frequency errors negatively affect the Doppler processing and phase coherenceoSémalg, or

standard tweway, time transfer between flying clocks will completely break down because of the time

of-flight variations and Doppler shifts associated with the strongly-tiamging link distances. These

problems are often approached monatily and from a monostatic point of view. However, much

could be gained by designing these subsystems fr ol

In cases where exploiting bistatic SAR using transmitters of opportunity locating objects of interest in
operdional theaters without drawing the attention of hostile forces, the limits on time and frequency
synchronization may well be set by the radar hardware rather than the method of time transfer. Moreover,
the propagation delay from antenna feed to frequeanypling often changes depending on the selected
radio frequency (RF) pathway, attenuation or gain, and frequency band. Depending on the RF
architecture, this delay may vary by many nanoseconds. Additionally, this delay may drift over the
lifetime of the lardware, or due to temperature and internal platform power line variations. Thus, this RF
path delay requires continuous calibration to achievensmosecond timing. Further, the local oscillator
carrier is often digitally synthesized, which sets the loghease noise and spurious limits along with the
smallest possible frequency increment. The radar transmission trigger and pulse repetition frequency
(PRF) control lines are generally digitally driven (e.g., fipfdgrammable gate array (FPGA)). Such
FPGAswitching circuitry may have a pe#d-peak jitter as high as 150 ps. Digital devices may also have
propagation delays on the order of nanoseconds with théaygste, and more so, pdd-part, skews of
several nanoseconds. Finally, cable lengthsahl&mounts to about 51 ps in a 8& coax cable. Thus,
careful calibration of the RF and digital pathways is required to achieveagudsecond timing. Timing,
better than approximately 100 ps, will require an yfrecise clock operating in femtoseconéifowing

for 50 ps breakdown in timef-flight reciprocity, the radar network timescales must be synchronized to
less than 1EL5 seconds in time deviation.

Ship defense depends on Doppler radars that detect and tregiirae@ng missiles in the ocealutter.

Since the Doppler shift of a fast missile would be far larger than the Doppler shift of known maritime
sources of radar clutter, the background noise floor is provided by the phase noise of the local oscillator.
Since the radar cross section ofati-ship missile is very small, detection is difficult. Measurement
noise floor analyses revealed excess laser noise to be the dominant performance limitation. Thus,
reducing the noise floor is worthwhile in terms of detecting targets with smaller radarsection at

greater ranges. The current instability of microwave stable local oscillators (STLOS) is alddut 1E

Using alloptical clock (1E16 to 1E18 inverse square root of the integration time) techniques, a stability
improvement of about a factof 100 should be possible. This should significantly lower the noise
background against which sskimming missiles need to be detected, and thus improve radar
effectiveness in terms of probability of detection and range.

Hence, there is a need for afoaflable timing synchronization system with a tactical atomic clock
(threshold), and to be later upgraded with a «gle photonic integrated clock (Objective). The €hip
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scale photonic integrated clock for largeale radar network shall have a stablktys than 1E

15/sqrt(tau) with flicker floor less than 1F, and with a 1E.6 longterm stability for a multistatic radar
network. The tactical atomic clock and the ebgale photonic integrated clock should be robust,
universal, and transfer medium emkendent. Moreover, either clock should be easy to interface to a wide
range of synchronization systems and sensors to suit a variety of networked radar applications. A two
way time transfer scheme is required to null the propagation delay. A holdovbilicagahighly

desirable in case the transfer medium becomes temporarily unavailable. It is further required to have the
capability to synchronize using the transmitted radar emissions in absence of a dedicated time transfer
medium. Finally, the time anfdequency accuracy should match or exceed the limits set by cognitive
radar systems used in radar communication networks performing multiple activities and tasks
simultaneously.

The timing synchronization system with a tactical atomic clock (threstasid)to be later upgraded with
a chipscale photonic integrated clock (Objective), must be able to operate in the following environments:
(a) Operational Temperaturet0°G-70 °C,
(b) Storage Temperaturésl °G-85 °C,
(c) Operational Altitude: 665,000 ft(0-19,812 m) above sea level,
(d) Mechanical Shock: 40 g, 11 ms, each axis,
(e) Vibration: Tracked and Wheeled Vehicle, Fixadd Rotarywing Aircraft, Unmanned Air
vehicles, Gunfire;
(f) Fluid Contaminations: Diesel, Hydraulic, Oil, Bleach;
(9) RelativeHumidity: 10-95%
(h) EMI/EMC: MIL-STD-461F, RE102, CE102, CS101, CS114, CS115, CS116, RS103;
(i) Power: MIL-STD-1275E, MIL-STD-704F.

PHASE I:Provide a concept of employment for a timing synchronization system to be an integral part of
the radar networksing a tactical atomic clock.

Provide a trad®ff analysis for a timing synchronization system identifying (1) a tactical atomic clock
and a chipscale photonic integrated clock providing extremely stable timing signals, (2) a radar network
signal that needs to be synchronized, (3¢tctor that can measure the timing difference between radars,
and (4) a control box to lock the timing of all radars to that of the reference. If radars are far away from
each other, a timing link is also necessary to deliver the timing signal fromaakeatin the radar

network.

Demonstrate the feasibility of the tactical atomic clock and astdafe photonic integrated clock in a
synchronization system through modeling and simulation for a bistatic and multistatic radar network.
Include the procesginblocks that provide the critical functions and include a baseline set of quantitative
implementation requirements that will form the basis for further development in Phase Il. Provide
prototype plans to be developed under Phase Il

PHASE Il:Based on the Phase | effort, develop and demonstrate a prototype synchronization system
determined to be the most feasible synchronization system for radar networks usingaalehghotonic
integrated clock as specified in the above Description.

Move the synchronization system for radar networks from concept to physical implementation using
IEEE 1588v2 Precision Time Protocol where applicable, Network Time Protocol Version 4: Protocol and
Algorithms Specification where applicable and 1-113®9- IEEE Sandard Definitions of Physical

Quantities for Fundamental Frequency and Time MetreRggdom Instabilities where applicable.

NAVY -55



VERSION 3

The prototype synchronization system will be tested for performance and environmental stability at a
government testing facilitguring a Rapid Prototype Experimental Demonstration (RPED) to be
determined at a future date in Phase Il option period, if exercised.

PHASE Il DUAL USE APPLICATIONS:Test the adaptive distributed time, frequency, and phase
synchronization system havigchipscale photonic integrated clock, and integrate it into SAR military
applications, legacy systems, and other platforms that will benefit from this system. Demonstrate time
synchronization capability applications running on a local Area Network (lwAtihput external time
references. Transition the adaptive distributed time, frequency, and phase synchronization system having
a chipscale photonic integrated clock to a Program of Record.

Military applications for an adaptive distributed time, frequeranyd phase synchronization system

having a clock include unmanned air systems (UAS), maaroehicles (MAVS), miniature precisien

guided weapons, compact higkrformance missiteand airlaunched interceptors, and advanced laser
beam pointing/steeringystems in need of: (a) frequeregpped communications; (b) synchronization
and/or syntonization; (c) ranging from precision metrology; and/or (d) Position Navigation Timing (PNT)
in Global Positioning System (GR8gnied environments. Other applicatiomslude DoD ground and

flight test facilities, data acquisition systems, data fusion, internal aircraft or weapon system networks.
Commercial applications for an adaptive distributed time, frequency, and phase synchronization system
having a clock includguidance of airplanes under GE8&nied conditions and navigation in uncharted
terrains. Other commercial applications include: all data acquisition systems, LANs, Wide Area
Networks, cloud computing, wireless home phone networks using frequency hoppi), (&l

distributed processing applications.
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N231-015 TITLE: Back End Data Lake and Microservices (BEDLAM) Strategy for Battle
Management Aid (BMA) Development

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Computing and Software

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the g@wort and import of defenselated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposeuetform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a prototype integrated multiple Battle Management Aid (BMA) data lake, and
expose the data available to developers for reuse while mangairoper security boundaries for the
software applications to protect intellectual property rights of all developers.

DESCRIPTION:The U.S. Government is in need of a method to standardize and add desired data and
microservices into a common repositooy fise and reuse. Data sources are often common between

applications but the data is delivered to the application as needed, such that a common data source and
common data delivery occurs asynchronously and takes up available bandwidth fapjritratian

sharing multiple times. Similarly, developers often develop BMA in nongoverrcosritolled

repositories, which, despite inherent common microservices, may not use the same sources for those
microservices (e.g., time servers, network protocols, etcdemslopers deliver code into the U.S.
Government ' s -develepmentisafienmeguired toéntegrate a replacement set of

mi croservices over the original baseline to adher
to recode to usdée U.S. Government source.

In addition, currenstate microservices are typically limited to basic data such as time or position. As
increasingly complex BMAs are developed, the potential for reuse, and therefore optimization, of shared
data across BMAB limited without a unified data strategy for development/security/operations
(DevSecOps) environments. This SBIR topic seeks to take advantage of a subset of known data
requirements across current BMAs, to include more complex data available as affrootgumultitude

of existing applications and leverage the curstate DevSecOps environment to provide that data as one

of the available microservices for development. As the U.S. Government seeks to require developers not
only to deliver, but actualld e vel op i n the U.S. Government’' s DevSe
back end data lake to enable sharing of data across BMAs in the same environment is desired. An added
benefit is that as this government purpose rights data lake is rendered,dtfsledidte application

porting between environments without imposing an overhead cost, because all used commercial
DevSecOps environments may adopt and expand it.

This SBIR topic seeks to enable management of big data by standardizingdenism for delivering

data repeatedly to multiple applications on a shared network, using data fields common between differing
applications. This is also an enabler for netwawkare applications to be developed, because one of the
common data fields Winatively become the required information to interface with a routing stack, and to
build the request for data into a common mechanism across the same network. As capabilities like
Communicationsasa-Service (CaaS), which is a Program of Record requizompliant applications to
proliferate, are fielded, the same applications may be useful across different platforms with minimal Non
Recurring Engineering to integrate them, and this data lake could become a commoditized government
furnished software pragtt to all developers in the future.
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The desired solution should be flexible and adaptable. As a given developer requests data and access to
data sources, the back end data lake will optimize the computational, storage, and communications
bottlenecks inhent in a large monolithic traditional development where feasible, to enable the same data
to be accessible to multiple developers, whether contractor or government. The goal is to avoid
duplicative storage of data—and therefore the design might incluibga translation capabilities as
infrastructure the data lake will host. The data lake should also provide an adequate mechanism for the
U.S. Government to write BMA requirements into contractual efforts to leverage it, such as an application
programmablénterface (API) such as RESTful. Note, REST is an Architecture, not a Standard, but
rather, it's an architectural style that provides constraints that guide API design. Many APIs do not
conform to every element of REST, which has caused some to usenitiRESTful to describe the most
common types of APIs.

As an example task, many applications exist that enable specific physical layer control over a tactical
radio, but these are typically developed by the radio manufacturer, necessitating a liccioseangst
network controller leveraging that particular application. For4gexteration Naval Tactical Grid (NTG)
applications, the Department of Navy (DON) must optimize the backend data lake supporting the front
end graphical user interface for controlananagement of many network applications, including, but not
limited to, the physical layer devices, crypto, and legacy interfaces using the available standardized
interfaces that are becoming required, such as Secure Network Management Protocol (8NMP) f
Common Data Link (CDL) systems (Bandwidth Efficient CDL Rev B specification is classified, this is
the protocol required), Dynamic Link Enhancement Protocol (DLEP) for Tactical radios, and so forth; for
translating to legacy interfaces at the data lagdore delivering the requested data to the user interface
layer.

Developing a single data lake that can be a repository for relevant data coming from all hosted
applications, cognitively recognize when duplicative data is being requested via a senieicts]
architecture, such as Communicati@ssa-Service (CaaS).

The proposed solution should minimize the bandwidth of duplicate data traversing the network backbone,
support all BMA developers in providing a unified data management strategy dwelgmaent in a
DevSecOps environment by enabling a common data lake to then provide microservices (e.g., map data,
timing, navigation signals, owship position, etc.) across applications, rather than uniquely requesting

that data across. This is oftenandwidth constrained communications backbone during wartime
operations.

Proposed solutions should support standardized network management protocols such as simple network
management protocol (SNMP) and adhere to governaefitted data models such as 1WaNG data

model. Proposed solutions should support ContaiagesService (CaaS) development, to provide a

solution for an initial data lake that could be supported in a DevSecOps environment such as Overmatch
Software Armory (OSA) to support all BMA delopers toward the end state of a common microservices
architecture and data lake. Design should consider acquisition constraints for-stateptrocesses for

fielding new systems and applications to a shipboard environment in the strategy for imgliement

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
owned and operated with no foreign influence as defined by DoD 52B).Rtional Industrial Security
Program Operating Manual, unless acceptabl@atihg procedures can and have been implemented and
approved by the Defense Counterintelligence and Security Agency (DCSA) formerly Defense Security
Service (DSS). The selected contractor must be able to acquire and maintain a secret level facility and
Peasonnel Security Clearances. This will allow contractor personnel to perform on advanced phases of
this project as set forth by DCSA and NAVAIR in order to gain access to classified information
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pertaining to the national defense of the United States suadliés; this will be an inherent requirement.
The selected company will be required to safeguard classified material IAW DoD 522@@2ng the
advanced phases of this contract.

PHASE |:Develop and demonstrate feasibility of a design citing indissenydard methods for merging
together the superset of data inputs and outputs from a sample set of existing applications and rendering
that into a backend data lake with an accessible API for use in development of new applications. Methods
for manipulatingdata into multiple requested formats from the raw repository state, providing micro
services requests to and from applications, methods of enabling parallel processing, and methods of data
management to minimize redundancy and optimize network performf@neiltiple data requests of the

same time to different endpoints, are all in scope of this effort. A proposed implementation plan,

including a mechanism for publishing new data sources, formats, and micro services coded to specific
applications that cabe tailored, should be included. The Phase | effort will include prototype plans to be
developed under Phase II.

PHASE IlI: Develop a prototype data lake solution and reference implementation of BMA developer

resource requests and automated deliveryapfested data. An example using existing BMAs is not

required, but would provide a meaningful deliverable. Implement into U.S. Government DevSecOps
environment (specified by the topic’'s Technical P
response ta validated fleet requirement specified by the government at kickoff with the microservices

and data lake on the back end as prototype.

Work in Phase Il may become classified. Please see note in Description paragraph.

PHASE Il DUAL USE APPLICATIONS: Integrate governmesspecified thirdparty developers in
refactoring, new development, or interfacing of at least two governspewified, thirdparty-developed
BMAs to prove out the concept and continue to refine the application from Phase Il to &tdeast
servicelevel platform systems across the joint community in response to a validated fleet requirement.
Private sector has an equal, if not greater, requirement for big data analytics dimder@airformance

(e.g., analysis of market trends driviaglecision to invest or divest in a given stock, fund, or sector).

REFERENCES:
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N231-016 TITLE: Emissive Image Display fdflight Simulators Wideangle Collimated Displays
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)HumanMachine Interfaces; Advanced Materials

OBJECTIVE:Develop an emissive image surface (EIS) for flight simulator \aitle collimated
displayapplications that significantly increases the American National Standards Institute (ANSI)
contrast performance without degrading other performance.

DESCRIPTION:Collimated crossockpit displays are common in fixeand rotarywing aircraft flight
simulaors and/or flight training devices (FTD). This type of walegle collimated display provides two
pilots, seated side by side, the samethatwindow (OTW) imagery (i.e., cross cockpit) without angular
errors or distortions. A large spherical mirror $&d that subtends the OTW field of view (FOV), and has
a center of curvature located near the ceptént between the eye boxes of the two pilots [Ref 1].

Current wideangle collimated display technology uses multiple display projectors to illuminatallersm
toroidatlike screen called the bagkojection screen (BPS), which is typically located above the cockpit
and approximately half the radius of the large spherical mirror. While not as commosangide

collimated displays may also use frgmbjeced screens (FPS). In the FPS configuration the projectors
are in front of the toroidal screen. Together, the large spherical mirror and BPS/FPS create a virtual or
collimated image, which appears to be at a fixed distance away from the eye point. Fde ggamp
collimated display with an 11 ft (3.35 m) radius is used to make a virtual image that appears to be 10 m
away when, in reality, the pilot is sitting only 3 m away.

A display with a low contrast ratio makes an image look washed out. Although cetlicraisscockpit
display projectors typically have a sequential contrast ratio (e.g., full on/full off) on the order of 2,000:1,
the effective ANSI contrast ratio can be on the average 10:1. The ANSI contrast ratio is a more
representative metric of consitebecause it considers realistic operating conditions. It has been
documented that ANSI contrast exhibits a better correlation with the perceived contrast by a pilot in an
FTD.

Attempts to increase ANSI contrast in the FTD industry have only generatgthal increases in

contrast from 8:1 to 15:1, with an average of 10:1 over the last 20 years. The low ANSI contrast is due to
scattering from transmission through the BPS, kraflection from the lower portions of the main

collimated mirror, reflectionfrom the cockpit windshield, secondary scattering off the BPS, cross
reflections inside the BPS, and other unwanted reflection. Scattering not only affects luminance and
contrast but the perceived resolution as well.

High-density, emissive display teabiogy has greatly advanced over the past several decades and is
approaching a point where it may be able to replace the BPS/FPS and projectors in modern flight
simulators. However, challenges remain in the construction of such EIS, integration of thatedlli

display optical components, and integration with existing image generators (IG). This SBIR topic seeks to
develop nexgeneration EIS for use in FTD/FTWide-angle FOV collimated display systems.

Requirements for collimated cressckpit displayswith EIS performance:
* Support dual pilot crossockpit views for flight simulation applications separated at least 48 in.
(1.22 m) apart.
* Viewing volume sphere 12 in. (30 cm) in diameter at pilot view point.
* Threshold horizontal FOV no less than 18@th an objective of 220°.
* Threshold vertical FOV no less than 60° with an objective of 80°.
* Threshold ANSI contrast greater than 15:1 with an objective of 25:1.
* Threshold static spatial resolution less than 5 arc min/OLP with objective 2 a@LRin/
* Threshold display average luminance of 10 ft (3.05 m) lamberts (fL) with objective of 20 fL.
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* Threshold display average black level 0.001 fL with objective of 0.0001 fL.

* Support the use of multiple image generator rendering channels.

* Objectiveis to support night vision goggles (NVG) stimulation.

* Threshold 100% of the sSRGB color space with objective of Rec. 2020 (UHDTYV) color space.
* Support for autealignment.

The main challenges include development of a emissive image stnifgieepntrast and higluminance
display, limited vertical FOV, NVG stimulation, calibration, maintenance, and use in motion platforms.
These challenges must be addressed in the proposal.

Development of an emissive toroidide curved surface presentsignificant challenge. If tiled

subpanels are used, discontinuities and distortions at the boundaries need to be carefully considered.
Vertical FOV in wideangle collimated display today is limited to 60°. The limitation in vertical FOV is a
limitation of the current optical design. Increasing the vertical FOV is possible by increasing the diameter
of the display but that increases the FTD footprint. Larger vertical FOV is a desirable feature for
helicopter FTD.

Traditional RGB emissive displays may moovide enough energy in the neafrared to stimulate
NVG. The ability to provide a simultaneous near infrared light source component to the emissive display,
which can be driven by a separate image generation channel, is desirable objective.

Distortiors at display boundaries must be adjusted or calibrated and maintained over time. Furthermore,
the use of wideangle collimated displays in motion platforms is also a desired feature. Replacement of
the complete display due to subcomponent failure is ratanically or functionally practical. The

display should allow for the replacement of sub display components (e.g., emissive tiles) and the fast
calibration to achieve a seamless display. Motion platforms generate stress and forces that require a
ruggedizé design and therefore need to be accounted for in the design.

In addition to addressing emissive displays for wadegle collimated displays, the proposal should
include an assessment of how the proposed collimated concepts and technology can betexieimded
used in real image dome type display training devices.

PHASE I:Design, demonstrate, and prototype a collimated display that includes novel EIS technology to
meet or exceed the required collimated display performance thresholds. Determirmtdehsibility

through analysis, prototyping, and testing. The Phase | effort will include a scale down prototype, metrics
and measured of performance. Demonstrate that the scaled down prototype performance will scale to
meet or exceed the required peni@nce thresholds on a fidtale collimated display. Determine if the

novel EIS can be used as a replacement for current BPS/FPS. Identify, address, and document benefits
(e.g., cost and performance), deficiencies, main challenges, and areas for imptoveméhase | effort

will include prototype plans to be developed under Phase II.

Address how this EIS technology can be modified to be used in real image dome type display systems.
Identify, address, and document benefits (e.g. cost and performarfeegndees, main challenges and
areas for improvement.

PHASE II: Develop, prototype, and demonstrate that adaélle functional prototype of the novel EIS
display will meet or exceed the required performance thresholds and capabilities for a cotlisyssd
system. The Phase Il effort will include a lasgmale prototype based on Phase | prototype, and measured
performance. Demonstrate that this lasgale prototype performance will scale to meet or exceed the
required performance thresholds/objeetivDetermine if the novel EIS can be used as a replacement for
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current BPS/FPS systems. Identify, address, and document benefits (e.g. cost and performance),
deficiencies, main challenges and areas for improvement.

Determine how the EIS technology/des@an be used in real image dome type display systems. ldentify,
address, and document benefits (e.g. cost and performance), deficiencies, main challenges and areas for
improvement.

PHASE 1l DUAL USE APPLICATIONS:Develop fultscale collimated display thases the EIS

technology or integrate the ftdtale EIS technology into an existing flight training device collimated

display that meets or exceeds the required performance thresholds. Measure performance and document
lessons learned. Perform pilotevalt i ons of the display’s performance
di splay’s performance to current collimated displ
replacement for current BPS/FPS. Identify, address, and document benefitoét.gnd performance),

deficiencies, main challenges, and areas for improvement.

Federal Aviation Administration (FAA) uses collimated displays for flight training devices at level D
[Ref 3]. Advances in EIS and collimated displays can be applicable wthmercial pilot training
industry.
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N231-017 TITLE: EnablingTechnologies to Support Individual Blade Control for Rotorcraft

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Computing and Software; Advanced
Materials

The technology within this topic is restricted under the International Traffic in Rexgsilation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dualse items. Offerors must disclose any proposed use of foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with then&ament.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:To enable Individual Blade Control (IBC) on future fielded rotorcraft thraleyrelopment
and demonstration of novel/robust supporting technologies that address practical implementation issues
for safety critical rotor control.

DESCRIPTION:There is a sizeable body of research establishing the benefits of IBC on rotorcraft
including increased performance, improved handling qualities, extended component life, improved ride
quality, reduced noise, and more. Reference 1 outlines a seriessafdiglwingtunnel tests of IBC
technology on a modern, hingeless rotor design. The authoveed a reduction in power required in
forward flight conditions of up to 7% (benefits increase further with speed). They also found up to 80%
simultaneous suppression of theplane hub forces and moments, and up to 99% suppression of the
vertical sheaforces at the primary, pddade frequency. This directly translates to longer component life
and a smoother ride. Further, they observed up to a 12 dB (85%) reduction in noise generated by blade
vortex interaction (a major source of rotorcraft noisefeReces % provide additional examples of

IBC's benefits. Successful implementation of IBC in a safety critical application represents the next big
leap in rotorcraft capabilities.

To realize this leap, flight control systems must be able to move &ad#dn a rotesystem

independently of one another at frequencies up to an order of magnitude higher than the primary (1P)
rotor frequency. At this time, IBC technology has flown only in limited fashion on demonstration aircraft
[Refs 79]. IBC technologyhas not progressed past limited flight tests; primarily because it is very
challenging for a flight control system to provide the kind of actuation needed in the rotating rotor frame
while addressing all of the practical concerns of production rotorgdafif the flight tests referenced

relied on classical swashplate controls in addition to the IBC system to ensure airworthiness with respect
to failure immunity and adequate system performance.

In order to make IBC realistic for production rotorcraie thallenges of practical implementation must

be addressed. Practical implementation issues include, but are not limited to, reliability, redundancy,
failure modes, system performance, packaging, production, cost, and maintainability. This SBIR topic
seels technologies that would enable application of IBC technology in future production rotorcraft by
addressing the aforementioned implementation issues. The primary technical challenge is that the blades
to be controlled reside in the rotational environnestior head) while the rest of the aircraft is in the
stationary frame. Proposed technological solutions will be expected to address this challenge through
allocation and design of control components in the stationary and rotating frames, as well as the
transmission of power, mechanical motion, information, and so forth, across the frames.

The proposed technology is not required to represent a completetaipsolution to IBC, but complete
solutions are of interest. This SBIR topic is also intereistéoundationally enabling technology that
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could be employed in a number of full IBC solutions (e.g., redundantdaigtiwidth, highthrow

actuators that are robust to the rotational environment; improvements/alternatives to hydraulic or
electronic slipnngs; failop/fail-safe redundancy management strategies). Whether the proposed
technology is an enabling solution or a full IBC concept, it is expected to be able to support a complete,
IBC rotor-control system without the need for traditional rotorcrafitool systems as a bacip in order

to realize benefits in total aircraft cost, complexity, and weight.

Proposed full IBC solutions should include, but not be limited to:
Performance:
1. Have the ability to completely replace existing retontrol system&y demonstrating +/
15° (Threshold)/ +/20° (Objective) of blade pitch authority at 1P.
2. 2. Have the ability to support Higher Harmonic Control (HHC) modalities by demonstrating
+/- 2° (Threshold) / +/5° (Objective) of blade pitch authority at 2P and®¢/ (Threshold) /
+/- 2° (Objective) of blade pitch authority at 7P.

Safety/Reliability:
1) In support of demonstrating the ability to completely replace existing-cotarol systems, show
architecture and analyses to demonstrate a Probabllibhgs of Cotrol (PLOC) of the rotor head of
1 E-8 or less per flight hour.
2) Plan/approach for meeting environmental requirements ofMID-810.

If the technology is not a full IBC solution, then its ability to support technical measures above should be
demonstrated through a combination of test, simulation, and analysis.

Although not required, it is highly recommended that the proposer work in coordination with the original
equipment manufacturer (OEM) to ensure proper design and to facilitate trans$itice final
technology.

PHASE |:Determine the technical feasibility of the proposed,8@bling technologies. If a full IBC

solution is proposed, the ability of the technology to completely replace existingootivol systems

and support all puldhed IBC/HHC modalities will be assessed. If the proposed technology is a
supporting technology, the technical description of the types of IBC mechanizations that it would support,
and the details of the specific implementation, should be establishaothlcases, the proposed

technology should be assessed for impact on practical implementation issues such as reliability,
redundancy, failure modes, system performance, packaging, production, cost, and maintainability. The
Phase | effort will include protgpe plans to be developed under Phase II.

PHASE Il: Develop a prototype of the technology proposed in Phase |. The prototype will be tested and
demonstrated in a relevant environment to validate the feasibility of the concept as well as to uncover and
mitigate any unforeseen technological challenges.

For full IBC solutions, the prototype may be sadale or partial systems where appropriate. Adadlle
prototype with a benetest level of fidelity is acceptable for component solutions though spetifigs
be tailored for the given technology.

For all technologies, practical implementation issues such as weight, power demand, thermal
management, reliability, redundancy, failure modes, packaging, production, cost, and maintainability will
be assessed tetail through analysis, simulation, test, or a combination of methods.

Provide a final report covering design, analysis, simulation, testing, results, and discussion of findings.
Potential analysis may include ckaWWlitagTraens A mRaBIDy s¢
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Modes and Effects Analysis (FMEA), summary of fault detection/accommodation for the proposed
architecture, and so forth. A copy of any software or simulation models developed for Phase 1l should be
delivered. Any hardware (fufirototype or component) developed for Phase 1l should be delivered.

PHASE Il DUAL USE APPLICATIONS:Further mature the technology developed in Phase Il by
addressing any substantive technical issues uncovered and either demonstrating the techfighagy in f
on a subscale aircraft, or on full scale on whirl stand/ground test rig. Perform engineering design to
incorporate the technology in a potential future rotorcraft.

All of the benefits of IBC listed above translate directly to the commercial raforoarket. The link to
more traditional rotorcraft is clear; however, the recent push towards urban mobility and the electric
Vertical TakeOff and Landing (eVTOL) market could see IBC technology being adopted commercially
before military applications. Wan mobility implies an emphasis on noise reduction while operating in
cities/suburbs, a desire for reduced vibration for passenger comfort, and the need for very low PLOC.
While closely related, eVTOL demands increase efficiency to offset current longdti battery
technology.

This technology also has potential to apply to other, nonrotorcraft markets that could utilize IBC such as
ship/submarine propellers and the windbine industry.
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N231-018 TITLE: Superconducting Thermal Spreader Enabled MWIR B&idQuantum
Cascade Laser with 65 W Average Output Power

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Quantum Science; Directed Energy

The technology within this topic is restricted underltiternational Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts730-774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by théskM accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a higkperformance, superconducting heat spretmeeduce the junction
temperature of a BandIVb, almost beam diffractiomited high-power quantum cascade laser that
outputs average output power > 65 W with walllg efficiency (WPE) > 35% during higlepetition rate,
pulsedmode operation.

DESCRIPTON: High performance Midwave Infrared Quantum Cascade Lasers (MWIR QCLSs) relevant
for various naval applications, such as directed infrared countermeasures (DIRCMpftiidction,

or atmospheric optical communications, rely on QCLSs' ability not mngienerate light in midwave

infrared atmospheric transmission windows, but to deliver a high degree of intensity focused to a small
angular profile at a distance [Refs3]. This requirement emphasizes a high brightness beam over pure
power scaling. Higltontinuous wave (CW) output power in QCLs is generally achieved with increases in
wall-plug efficiency (WPE) utilizing a narrowdge waveguide. Such approaches have led to CW powers
of ~5 W [Ref 4]. Also, power scaling of a single QCL device has beeomignated as a new promising
route to further increase in power through the geometry of the QCL core by reducing the number of
superlattice periods while simultaneously expanding the breadth of the devicefRefEhiese saalled
broadarea devices maga the inherent thermal constraints of CW operation by manipulating the heat
flow out of the laser core with the changing geometry. Manipulation of the laser core geometry has been
shown to ensure brightness for these devices by adjusting mode comjefidieor of the fundamental
transverse mode in a way compatible with CW power scaling. > 7 W of CW optical power in a high
guality beam have been demonstrated from a single {a@edQCL emitter, and model projections show
that up to 15 W can be achieviedm a fully optimized device.

For many defense applications, a signal modulated at MHz frequencies wiitiutygtycle (over 40% or
higher) is a compatible replacement for CW operation due to the laser modulation frequency exceeding
the required samplipfrequency of the sensor/detector. The operating space between a negligibly small
duty cycle and CW, shows promise as an excellent avenue for the significant enhancement of average
power by regulating the transient temperature of the laser with a lasgeydile, quasiCwW (QCW)

operation. This can optimize the tradeoff between laser pulse uptime and a cooling cycle to reduce
temperature buildup that degrades laser performance. In addition, average power may be increased by a
substantial amount, while sittaneously reducing the need for input power by driving the device in a
pulsed mode with highepetition rate. The cooling cycle that occurs when the laser is not being driven,
reduces the temperature of the laser, enhancing peak power to a degree ariage @ower achieved is

higher than that of CW conditions. The enhancement to WPE is significant in this pulsed operation
because the increased average power is achieved by reducing the average energy input from CW
conditions. However, the legacy MWIR QGlevices optimized for CW operation will not show much
significant improvement in average power when operated in-goasinuous wave (QCW) mode as

average power for such devices peak at 100% duty cycle, that is, in CW mode of operation. Therefore, the
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enire laser structure, including the active region stage and waveguide designs, have to be optimized for
QCW operation.

In addition to the advances in the QCL physics and designs, many recent advances in thermal
management can be leveraged, such as védyaontoers, Agdiamond alloys for CTEnatched submounts,
novel phase change materials for efficient active heat extraction, and so forth [Refs 8 & 9], to push the
aggregate performance envelope of QCLs. It is the also the goal of this SBIR topic to detiedop ac
cooling superconducting heat spreaders, of which the thermal conductivity should exceed the commonly
used AIN, Cu, or CuW substrates (1280 W cm1 K-1) by at least a factor of 10. The final packaging
solutions should enable efficient extraction pleast 200 W of dissipated power. The proposed laser and
heat spreader solutions need to assure reliable operation in a variety of environmental conditions, which
includes operation under highfgrces [Ref 6]. Combining a superconducting heat spreaderawiigh
performance QCL operating at QCW mode, can elevate the device performance with average output
power and WPE to an unprecedented level. Finally, this parashiftmg approach of agglomerating

active superconducting heat spreader with a-pigtiormance QCL in QCW mode, will enable the
elimination of the use of an active water cooling system, resulting in up to a factor of five in size and
weight of the overall laser cooling system configuration.

PHASE |:Demonstrate feasibility ahodelling and simulation on thermal management and packaging
solutions that would allow for efficient extraction of at least 200 W of dissipated power. Design the
thermal management packaging solution that should include active cooling heat spreadeat avith
minimum—over 10X improvement over conventional submount heat spreader. The solutions should
include an overall QCL cooling subsystem that does not include any active water cooling, and has lower
size and weight compared to the current conventionaingpeblution. The active cooling solution design
should enable the demonstration and delivery of QCL with WPE of 35% operating at QCW mode with
the required duty cycle and with 65 W average output power at 30 C for at least ten minutes.
Technological risksreliability concerns of the proposed solution, and future transfer to manufacturing
process should be discussed in depth. Also, demonstrate a 4.6 um QCW QCLs delivering over 10 W of
average power. The Phase | effort will include prototype plans to ledoged under Phase II.

PHASE II: Optimize the QCL and superconducting substrate design. Fabricate, demonstrate, and deliver a
packaged prototype of a 4.6 u QCL system delivering over 65 W of average power operating in QCW
mode with the required duty cyciad with beam quality of M2 < 1.5 for an aggregate ON cycle

exceeding ten minutes.

PHASE Il DUAL USE APPLICATIONS:Transition the technology for DoD use. Assist in applying the
design for specific system applications such as countermeasures. Thisdtedxp entail selection of

device performance parameters, and adjustment of corresponding process parameters, in order to produce
the required quasiontinuous output power at the optimum Phase IVb wavelength. The final product will

be a highperformancdaser device of which the output power can be scaled, if necessary, via beam
combining for current and future generation DIRCMs, LIDARs, and chemicals/explosives sensing.

The commercial sector can also benefit from this crucial, garaaging technologglevelopment in the
areas of detection of toxic gas environmental monitoring;ineasive health monitoring and sensing,
and laser spectroscopy.
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N231-019 TITLE: Big Data Analytics (BDA): Realime Data Mining and Track Fusion of
National and Tactical Data

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated materisand services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of drigthe type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restectedhedu

technical data under US Export Control Laws.

OBJECTIVE:Develop advanced retime, and near redime, data mining and fusion algorithms to
exploit all relevant multintelligence data sources and rapidly create fused sensor trdckmafr i t i me
surface vessels” to improve classification conf i d:i

DESCRIPTION:Multiple services utilize the Minotaur Family of Services (MFoS) solution set to
aggregate and correlate mtititelligence sensor data on board aircraft. Modern Artificialligence

(Al), Machine Learning (ML), and data analytic techniques can provide an enhanced Maritime ISR
Common Operating Picture (COP) needed for higher fidelity track quality to correlate and fuse tracks
from multiple data sources to support operationg bbater and littoral environments.

This SBIR topic focuses on data mining and sensor fusion of data derived from aircraft organic sensors
and multiintelligence (multINT) sources, including near retiine data streams and archived data

sources, to rapidly provide reliable, valuable, and accurate decision support for maritime surface vessel
classification. The technique needs to take into consideration the combined power of Al, ML, and BDA to
exploit a priori information of the surfacessel and environmental background. See references 1, 2, & 3
for additional information. The a priori knowledge is critical in the detecting, tracking, and rapid
classification (or reestablish the identification) of the surface vessels with respectimstased in non
cooperative situations. The ability to fuse data across multiple systems, high prlisfmrsistence

(tactical data) with low precisiehigh persistence (national data) should be used to support the
classification of unknown surfaceeg | s; “dar k” surface vessels; s
data; and surface vessels "“"spoofing” to mask t
The database and fusion techniques need to take into consideration latenegtigrekf the data,
creation of false tracks attributed to “data ringi
reporting of same source track to different locations), and prior fusion techniques of data. Understanding
therootcauseanddaoe nt ati on of the mitigation steps in add
is required. Datalriven algorithms that can aggregate and fuse data from various sources, and identify the
appropriate data and interface standards (e.g., style guidelegyni€Ds, metadata, etc.) are required to

generate interoperable data models. Data aggregation can include, and is not limited to, data collection;

data processing; data cleansing; and data analysis. The database and fusion techniques are to leverage all
data sources such as (but not limited to) Radar; Electronic Intelligence (ELINT); Communication

Intelligence (COMINT); Automatic Identification Systems (AlS); and Imagery to accurately identify and

fuse useful multiNT, multisource data. The resultantfigmn will feed the MFoS, the Maritime ISR

Common Operating Picture (COP) used by the U.S. Government.

ur f
hei i

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
owned and operated with no foreign influence as @dfiny DoD 5220.22M, National Industrial Security
Program Operating Manual, unless acceptable mitigating procedures can and have been implemented and
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approved by the Defense Counterintelligence and Security Agency (DCSA) formerly Defense Security
Service PSS). The selected contractor must be able to acquire and maintain a secret level facility and
Personnel Security Clearances. This will allow contractor personnel to perform on advanced phases of
this project as set forth by DCSA and NAVAIR in order tongatcess to classified information

pertaining to the national defense of the United States and its allies; this will be an inherent requirement.
The selected company will be required to safeguard classified material IAW DoD 522@@2ng the
advanced péises of this contract.

PHASE |:Develop advanced reéime, and near redime, data mining and fusion algorithms to exploit
allrelevantmull NT data sources and rapidly create fused
improve classificatiomonfidence. The study should include the ingestion of data and normalization to

ensure consistent data models needed to accurately correlate, and temporally and spatially fuse the
different data sources. Publicly accessible data can be used for the &basEch. The final report shall

include a conceptual design and the prototype design plan for Phase II. Phase | analysis results from
modeling and simulation should be included in the final report.

PHASE II: Continue to mature algorithms developed irage | to accept data sources from the U.S. Navy
MFoS, in addition to data from near réamhe sources and data lakes from other services and national

data. Sensor sources will include maritime surface vessel track or location information, and will be
suppied by the U.S. Government in the beginning of Phase Il activities. Perform a study of the interface
standards (e.qg., style guides, ontology, ICDs, metadata, etc.) required for correlation and fusion of the
track information and dissemination of data witMFo0S. The algorithms will maintain or improve track
accuracy and classification of the maritime surface vessels, and not degrade any uncertainties during the
fusion process. The algorithms should maintain the interface standards required for the BHatB8gop
environment. Demonstrate the algorithms with the objective of showing a high level of confidence for
fused tracks. Data looping and data ringing will be documented during Phase Il, and the final report
should include a summary of the studies, @ise, and mitigation steps in addressing data looping and
data ringing. The final report will include the algorithms and data models required to interface with MFoS
sensor data and sensor data from other sources (including national data sources akekjlata |

Work in Phase Il may become classified. Please see note in Description paragraph.

PHASE Il DUAL USE APPLICATIONS:Refine the design, test, and integrate the architecture and
algorithms into MFoS. The final design will also focus on the sustaihai¢he algorithms. Phase Il
deliverables should include but not be limited to aPesign Review (PDR) and Critical Design Review
(CDR), performance requirement generation, associated testing and analysis of the software, ICDs,
instructions, and manusal

Big data mining and analytics will benefit both DoD and agencies using MFoS, while also providing
commercial application ranging from exploring trends from sensors, devices, video, audio, web, and
social media.
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N231-020 TITLE: Detection and Tracking of Hypersonic Missiles from Glidelrerminal Phase
Using ElectreOptic Infrared Sensors

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Hypersonics; Integrated Sensing and Cyber;
Microelectronics

The technology within thitopic is restricted under the International Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administr&egulation (EAR), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks interadi for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop andlemonstrate novel earlyarning detection and tracking methodology of
hypersonic missiles transitioning from glitteterminal phases, using airborne eleaical Infrared
(EO/IR) sensor suite.

DESCRIPTION:Hypersonic missiles [Ref 1] are emerging #isethat are likely to penetrate current-anti
missile shield systems. Within the last few years, U.S. adversaries [Rgfeate fielded early versions

of hypersonic weapons that can travel faster than five times the speed of sound and potentially put U.S
naval assets at great risk.

Therefore, earlier detection and tracking of the incoming hypersonic missitggecially in their final

and terminal phasesis very crucial to an overall and effective hypersonic missiles countermeasure
strategy However, radar detection is not a viable and effective surveillance and reconnaissance tool for
detection and tracking [Refs 2 & 3]. When an aerial vehicle is traveling at hypersonic speed through the
atmosphere, a plasma sheath envelops the aerial vbhdese of the ionization and dissociation of the
atmosphere surrounding the vehicle. The plasma sheath absorbs radio waves and thereby rendering the
vehicle practically invisible to active radar systems.

There have been recent technological advancE©ItR sensors with improved materials,

manufacturability, greater wavelength capabilities, and improved spectral responsiveness in all spectral
bands. From ultraviolet to long wavelength IR sensors with extremely low background noise

performance, an EOQ/IBensor suite with multiple spectral bands are excellent surveillance and
reconnaissance candidates as augmentation sensors to existing hypersonic missile defense detection and
tracking systems and/or existing airborne EO/IR sensors [Ref 4]. For instdraeavypersonic aerial

vehicle is travelling through the atmosphere at speeds of Mach 5 or higher, it encounters intense friction
with the surrounding air. The nose cone and the leading edges of the flight vehicle will experience
extremely high temperates up to 30086000 °F (1648.822760 °C). The extreme temperatures of a
vehicle's |l eading edges and the exhaust plumes of
signature in stark contrast against its colder background, dramatically enhanditgdtible and

identifiable signatures [Ref 5].

Therefore, similar to the methodology of large aircraft infrared countermeasure (LAIRCM) platform, of
which the electrapptical missilewarning sensor is, designed to provide misgitgning capability to

protect large military aircraft from Hguided heateeking missiles. This SBIR topic seeks an EO/IR
sensor suite solution on manned or unmanned aerial platforms to detect, identify, and track hypersonic
missiles during their transition from glide phasediortinal phase. The expected capabilities can include
sensor fusion of multiple spectral bands, and {siged multisensor data processing aided by artificial
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intelligence and machine learning. The proposed physical EO/IR sensor suite should be comiigtible w
and integrated with, the existing EO/IR sensors on board naval aerial platforms.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
owned and operated with no foreign influence as defined by DoD 52B).Rtional Industrial Security
Program Operating Manual, unless acceptable mitigating procedures can and have been implemented and
approved by the Defense Counterintelligence and Security Agency (DCSA) formerly Defense Security
Service (DSS). The selectedntractor must be able to acquire and maintain a secret level facility and
Personnel Security Clearances. This will allow contractor personnel to perform on advanced phases of
this project as set forth by DCSA and NAVAIR in order to gain access tofigdssiformation

pertaining to the national defense of the United States and its allies; this will be an inherent requirement.
The selected company will be required to safeguard classified material IAW DoD 522@@2ng the

advanced phases of this caut.

PHASE |:Design and demonstrate the feasibility of a multispectral EO/IR signature model for hypersonic
missile systems to define the requirements for airborne EO/IR sensor suites, sensor fusion, and
multisensor data processing. Use hypersonic gaatfbrm flight profiles, plasma sheath distribution
surrounding a hypersonic missile, and expected EO/IR signatures available in the public domain
literatures for the design. Develop the conceptual EO/IR sensor suite system concepts. Identify
strengths/vgaknesses associated with the proposed solutions, methods, and concepts. Define the most
viable approaches that can maximize the probability and minimize the false alarm rates of detection and
tracking of hypersonic missiles. Include prototype plans tddveloped under Phase II.

PHASE II: Continue development and refinement of the airborne sensor suite system concept with
detection and tracking algorithms using the Nawgvided aerial platform and hypersonic missile
information. Characterize the EO/IRrssor suite and algorithm in a relevant operating environment, and
improve and upgrade the system design based on the required system performance in terms of accuracy
and false alarm rates of detection and tracking. Deliver the finalized system desiba associated

detection and tracking algorithm at the end of Phase II.

Work in Phase Il may become classified. Please see note in Description paragraph.

PHASE Il DUAL USE APPLICATIONS:Complete development, perform final testing, and integrate
and trasition the final solution to naval EO/IR sensors systems.

The algorithmic approaches based on the selected EO sensors could be utilized by a very wide variety of
airborne and spadeased EO sensor systems for the detection and tracking of vergpgegtherial
vehicles.
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N231-021 TITLE: Enhanced Aircraft Noi€Cooperative Target Recognition

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Computing and Software; Integrated
Sensing and Cyber

The technology within thitopic is restricted under the International Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export AdministrateguRtion (EAR), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intendefor accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:DevelopDopplerpolarimetricbased NofCooperative Target Recognition (NCTR)
techniques as a complementary enhancement to legacy NCTR techniques.

DESCRIPTION:The ability to generate and exploit information from multiple polarizations generally has
not been poskle with our fielded airborne maritime surveillance and@iair radar systems due to their
single polarization capability. Some of the newest generation-td-air and airborne early warning

information if meaningful performance improvements can be realized. Long ago, polarimetric radar was
shown to be valuable in civilian applications including: (a) agriculture, for-ty@ identification, crop

condtion monitoring, soil moisture measurement, and soil tillage and crop residue identification; (b)
forestry, for cleaicuts and linear features mapping, biomass estimation, species identification and fire

scar mapping; (c) geology, for geological mappif;hydrology, for monitoring wetlands and snow

cover; (e) oceanography, for sea ice identification, coastal wind field measurement, and wave slope
measurement; and (f) coastal zone, for shoreline detection, substrate mapping, slick detection and general
vegetation mapping. Many of these uses are also of value to the military. However, there are other
potentially valuable benefits of polarimetry. These include improved performance in the presence of rain,
using polarization selectivity/diversity to countdfects from jammers, and improved romoperative

target recognition (NCTR) capability, particularly when used to enhance with traditional techniques such

s High Range Resolution(HRR), Inverse Synthetic Aperture Radar (ISAR),-Bppler and Jet Engine
Modulation (JEM). While the information content in polarimetric variables may be limited, it will be
available under the constraints on time, carrier frequency, and bandwidth, as long as the system allows for
multiple polarizations. This makes polarimetieatures especially interesting for target classification.

Of particular interest in this SBIR topic is the utility of polarimetry in the characterization or classification
of electricallylarge, nonstable targets. The question of whether polarimetdadatenhance target
classification has been touched on to some degree in the open literature. We know that polarization
scattering properties are, in general, invariant for targets of interest, but they may vary widely and rapidly
for only small aspect @nges. Even for the simple extended targets, nedeéithed optimum

polarization exists. These targets are large in comparison to the wavelength, and have unresolved
scattering centers. Because of the internal movements of the scattering centersy chdogds of the

aspect angle with the radar, the relative distances between scattering centers changes and thus the
scattering properties of targets. It is shown that compound objects can be represented as a set of
deterministic scatterers by using Doppielarimetric formalism. In some respects, Doppler polarimetry

can be considered as a decomposition of a random target into deterministic ones. The Doppler
polarimetric decomposition is based on the spectral properties of targets and the result iysicak ph

than for the decomposition theorems, which are based on only polarimetric targets properties. A variety of
target recognition approaches are possible. Consider a polarimetric ISAR target image. It could be broken
down into a set of scattering cersteEach of these centers identified as a scattering primitive. This is
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achieved by matching each scattering center from the target image set to a simulated image of a primitive.
By utilizing multiple target images (ranging in frequency, orientation, afatipation) a prediction of

primitive characteristics is achieved. In principle with sufficient angular realizations the scattering
primitives can be placed in thremensional space. Leveraging synergistic machine/deep learning target
recognition techniges under development, including their real and synthetic training data, a Doppler
polarimetricbased NCTR technique could be a powerful enhancement to other complementary NCTR
techniques.

Work produced in Phase Il may become classified. Notepfdepective contractor(s) must be U.S.

owned and operated with no foreign influence as defined by DoD 52R).Rational Industrial Security
Program Operating Manual, unless acceptable mitigating procedures can and have been implemented and
approved by ta Defense Counterintelligence and Security Agency (DCSA) formerly Defense Security
Service (DSS). The selected contractor must be able to acquire and maintain a secret level facility and
Personnel Security Clearances. This will allow contractor persompeltorm on advanced phases of

this project as set forth by DCSA and NAVAIR in order to gain access to classified information

pertaining to the national defense of the United States and its allies; this will be an inherent requirement.
The selected compgwill be required to safeguard classified material IAW DoD 5220/2@uring the

advanced phases of this contract.

PHASE I:Utilizing computational electromagnetics modeling applications, generate -agpestdent
polarimetric scattering matrices of mple aircraft, and investigate the use of Doppler polarimetric
decomposition as an NCTR technique. Assess whether this information provides a robust discriminate
between similar aircraft types. Consider the impact of model fidelity in the stability of &oppl

polarimetric features. Assess the relative enhancement of NCTR performance when used in conjunction
with legacy techniques. The Phase | effort will include prototype plans to be developed under Phase Il.

PHASE II: Develop and demonstrate a Doppler potetric NCTR exploitation signal processing

approach using collected field data supplied by the Navy sponsor. Assess the performance as a function of
dwell time and illumination geometry. Develop mode design and tactical utilization recommendations for
radar systems identified by the Navy sponsor.

Work in Phase Il may become classified. Please see note in Description paragraph.

PHASE Il DUAL USE APPLICATIONS: Complete development, perform final testing, integrate, and
transition the final solution toaval airborne NCTR system. Doppler polarimetric radar techniques have
the potential to provide additional insights into remote sensing of weather and other environmental
effects.
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N231-022 TITLE: Accelerated HigiPower Blue Laser Design Cycle Enabled by Deep Neural
Networks

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy; Microelectronics

The technology within this topic is restricted underltiternational Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts730-774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by théskM accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop an automated higieakpower blue laser with higrepetitionrrate design process
via using neural networks and machine learning (ML) algorithms that will result in up to 50 times
reduction in design cycle time compared to the col

DESCRIPTION:The Navyrequires a higipeakpower blue laser system solution to be operated in
pulsed mode with highepetition rate for standoff oceanographic sensing applications from an aircraft at
an altitude of under 1000 ft (304.8 m). It should be ruggedized and sufficsemll in size, weight, and
power consumption (SWaP), to be used in naval fised rotarywing platforms. The current state of the
art, which includes Optical PaMetric Oscillators (OPOs), wavelength doubling of titanisapphire

(TiSa) based laserdpubling and tripling of other laser hosts, and blue laser diodes, do not adequately
support the navalemanding performance, size, and weight objectives. Many commercially available
lasers and nederm developmental lasers meet a few of the requiredctaaistics, but none can meet
every performance criteria. It is paramount that the blue laser solution meets or exceeds the design
objectives in order to be effective for standoff oceanographic sensing.

The performance specification of this laser soluinclude, but are not limited to:
(a) highrepetition rate (Threshold: 250 Hz),
(b) high-peakpower (> 20 MJ per pulse with pulse width no more than 25 ns),
(c) blue wavelength at 47X nm,
(d) Spectral line width of less than or equal to 0.1 nm,
(e) walkplug efficiency of greater than 5%,
(f) laser beam quality m?3,
(9) lightweight. (Total weight including the laser head, cooling system, power supply, and control
system) < 50 Ib (22.68 kg),
(h) small volume. (Total volume for the cooling system, pasugaply, control system and laser
head) < 2 ft3 (.057 m3),
(i) ability to be ruggedized and packaged to withstand the shock, vibration, pressure, temperature,
humidity, electrical power conditions, and so forth, encountered in a system built for airb@rne us
(j) reliability: Mean time between equipment faile+&00 operating hr.

Whether the laser design is based on a multistage OPO architecture or frequency conversion of diode
pumped soliestate laser, the laser performance metrics (such as emission wavelength, toesbotd
density, pulse width, repetition rate, slope efficig, and their temperature dependence) are closely
linked to the intricate interrelationship among the brightness of the pump laser. Suppression of the
unintended parasitic solstate laser emission, temperature control of the stdite crystal, and the
nonlinear properties of the nonlinear crystal, and so forth. The complexity of the architecture generally
requires a timeonsuming iterative process between experiment and design optimization to achieve the
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highest device performance, which adds subistiariist to laser manufacturing. Automated optimization
algorithms similar to the one used in References 1 and 2 could both greatly reduce the time (and cost)
required to develop new high peak power blue laser systems with specified performance cliasacteris
and potentially lead to new insights into blue laser design.

The current blue laser design process generally involves a human in thechoap for a single iteration.
The function performed by the human is to identify specific features in the dexigietermine whether
a certain performance metric can be achieved. Emergingddatm automated optimization algorithms
could potentially address the difficulties facing this laser design.

As the blue laser requirements grow and progress, the desicgspes become more challenging. With
conventional design approaches based on computational optimization, one typically starts with a prior
design and computes the performance, compared to the target response. The parameters in each of the
active componestin the multistage architecture are calculated and applied to the design. This process,
performed repetitiously, often takes many iterations before a design is found that meets the design
criteria. As an alternative, the dateven approach [Refs 1 andlig rapidly emerging where deep neural
networks are used for inverse device design. A large data set of existing designs and corresponding
performances can be used to train artificial neural networks [Ref 3] so that the networks can develop
intuitive conrections between the laser system designs and their performances. After training, the neural
network can accomplish a design goal in hours instead of weeks as compared to the conventional
approach. Such an approach has been used previously in photonigetr{Ref 2], where neural

net works successfully model the wave dynamics in
in the laser architectures.

This SBIR topic seeks the development of a power scalable blue laser system solution that wi# meet
aforementioned size, weight, performance, and reliability requirements via a multighgséds deep

neural network, ML process. It is also the objective of this topic to accelerate the development cycle time

of the laser aided by the ML comparediiog conventi onal “manual” design
50.

PHASE I.Develop a methodology for implementing the training plan for neural netiaaskd blue laser

design optimization without human intervention. Develop feasibility of a ML proedssh is suitable

for advancing the performance of the blue laser with respect to the performance specifications stated in
the Description. The ML process should address all design parameters of the multistage laser architecture.
Develop the design verifation plan for the ML algorithm for accelerating the blue laser prototype
development. The Phase | effort will include prototype plans to be developed in Phase II.

PHASE Il: Demonstrate the fully automated blue laser design algorithms using machinedearni
methodology. Perform experimental verification of the generated designs by demonstrating that the blue
laser performance metrics are met with less thaB%/variations from the target performance

specifications. Develop a prototype blue laser systesedb on the ML process that meets the required

laser system specifications. Deliver the fully automated blue laser design algorithms with complete and
detailed user manual and documentations. Benchmark the design cycle time using the algorithm aided by
ML against the conventional method without using ML, and verify the cycle time reduction.

PHASE Il DUAL USE APPLICATIONS:Transition the technology for DoD use. Test and finalize the

technology based on the design and simulation results develogad Phase Il. Transition the design
algorithm for DoD applications in the areas of standoff oceanographic sensing applications.

Commercialize the design algorithm enabled by deep neutral networks from this effort for law
enforcement, marine navigatiamgdical applications, and industrial manufacturing processing.
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N231-023 TITLE: Assured Positioning, Navigation, amdning Using Nontraditional Means
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Computing and Software

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, whichcontrols the export and import of defefrstated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any propesed foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.

Offerors are advised foreign natids@roposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop alternative Positioning, Navigation, and Timing (APNT) technologies and
determine a feasible hybrid solution of APNT sengorsiding an Embedded Global Positioning System
(GPS)/Inertial Navigation System (INS) (EGI) utilizing a Positioning, Navigation, and Timing (PNT)
modular open system approach (MOSA) for use in a GPS degraded or denied airborne, maritime
environment.

DESCRIPTION:GPS is utilized worldwide in military and commercial systems to provide precise PNT.
However, GPS signals may not be available or reliable in a degraded@matss/Area Denial (A2/AD)
environments. Inertial navigation systems (INS) and precidimoks may extend the PNT solution for
short periods, but both are subject to drift errors. An alternativdinealPNT solutior-utilizing
complimentary PNT sensor data and netwerksrequired to maintain an accurate and reliable
navigation solution byounding the drift errors without GPS dependency.

Current DoD efforts with PNT MOSAs are in development such as the Embedded Global Positioning
System/Inertial Navigation SysteModernization (EGIM) and ResilientGlobal Positioning
System/Inertial Navigtion SysterModernization (REGI), in addition to PNT MOSA compliant
alternatives [Refs 3, 6, 7, & 8]. PNT MOSAs will enable integration of complimentary PNT (or APNT)

sensor hardware, data, and algorithms through modular, open system architectunesc Anaif t ° s e X

EGI may be able to be augmented through novel APNT sensors. THd ,BGEGI, or PNT MOSA

compliant alternative could be used with the insertion of a new APNT sensor suite (e.g., processor card,

antenna, or sensors) to supply the airaafnissions systems with complimentary PNT data required to

bound drift errors. For example, lines of bearings from active signal of opportunity sources (SOOP) can

assist in bounding inertial drift of the INS [Ref 4], or the local measurements of the’Eart magnet i c

variation could supply course ggositioning [Ref 5].

This SBIR topic does not seek optical hoksight algorithms (e.g., visual positioning systems [or
camerabased positioning solutions], star trackers, or other sektssed solutionsPOptical lineof-sight
algorithms can be utilized to assist in bounding the solution from other APNT sensor solutions. The

APNT sensor sol uiwiean hehowslod uie oami "Taltl dependent

optical lineof-sight solutiors.

The proposed solution set should:
a) allow for a common reference for aircraft operating together in a Tactical Navigation
(TACNAV) or Relative Navigation (RELNAV) solution, where RELNAV accuracy can be
enhanced using precise timing frordesignated platform with the use of tactical Networks and
Communication Systems,
b) utilize existing altimeters (e.g., laser, radar, barometric altimeters) to continue to aid in
damping/resolving the vertical solution,
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c) accommodate desires for minimizipgrasitic drag effects on the aircraft (e.g., small

projections from the aircraft into the airstream),

d) consider i mpact s-linet minimeedag,r craft’' s outer
e) Size, Weight, Power, and Cooling (SWAPC) form factor

o0 brassboard, proofof-concept design to be within a ¥4 ATR

0 ICD for EGIM, R-EGI, or PNT MOSA to be supplied during Phase Il

f) take into consideration use in a military operating environment.

The APNT solution is targeted for an airborne platform. The APNT solution should have a positional
performance of 100 m or less (Threshold), 35 m (Objective). The APNT solution should perform in an
A2/AD environment without GPS dependency.

Work produced in Rase Il may become classified. Note: The prospective contractor(s) must be U.S.
owned and operated with no foreign influence as defined by DoD 52R).R@&tional Industrial Security
Program Operating Manual, unless acceptable mitigating procedures daaveriteen implemented and
approved by the Defense Counterintelligence and Security Agency (DCSA) formerly Defense Security
Service (DSS). The selected contractor must be able to acquire and maintain a secret level facility and
Personnel Security Clearascd his will allow contractor personnel to perform on advanced phases of
this project as set forth by DCSA and NAVAIR in order to gain access to classified information
pertaining to the national defense of the United States and its allies; this willrideeant requirement.

The selected company will be required to safeguard classified material IAW DoD 522@22ng the
advanced phases of this contract.

PHASE |:Perform a study focusing on the most feasible technical APNT solutions for airbornenpdatfo

in maritime environments including an assessment of the ability of the technology solution (hardware and

processing resources) to meet SWAPC form factor for an APNT design as referenced in the Description
above. Solutions that leverage networks foragrded timing techniques utilizing existing tactical data

links should be provided in the trade space. A conceptual architecture is required as a product of the
Phase | effort. The Phase | Option, if exercised, should demonstrate the ability of the proposed
architecture solution to resist jamming while still meeting operational performance requirements through
a robust modelling and simulation (M&S) environment. The model should demonstrate the ability of the
APNT solution to provide navigation updates thi tightly coupled with an EGW, R-EGI, or PNT

MOSA compliant alternative. The final report should include the M&S plan and the results of the M&S
performed.

PHASE II: Develop and demonstrate a prototype software APNT solution, or EDM, that buildthepon
proposed solution and architecture developed in Phase | withliwass, proofof-concept design. A

Design Review should be conducted early in the development phase. The effort should include a lab
demonstration, and optionally, a moving grotraseddemonstration. The final report should include the
lab demonstration plan and results, and a transition plan for Phase Ill focusing on an integration into an
EGI-M, R-EGI, or PNT MOSA compliant alternative that includes an affordability plan for transition
including further technical maturation and manufacturability of the resulting prototype for an airborne
military environment.

Work in Phase Il may become classified. Please see note in the Description paragraph.

PHASE Ill DUAL USE APPLICATIONSRefinethe design, and lab (or ground) test, and integrate the
APNT solution within an EGM, R-EGI, or PNT MOSA compliant alternative and flight test in a
surrogate aircraft. A later option will be to flight test in a Navy RDT&E aircraft. The Phase Il dedlign wi
also focus on the manufacturability, production, and sustainment of sensors, cards, antennas, and
components for compliance with the military operating environment (military standards and handbooks
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such as 810, 704, 461, 464 should be used as refarstiicexact specifications are supplied). Phase IlI
deliverables will include an additional Preliminary Design Review (PDR) and Critical Design Review
(CDR), associated Qualification Testing and analysis to support Flight Testing, performance
requirementsassociated ICDs, and manuals.

APNT augmentation to GRPBased systems is applicable to all aircraft using GPS.
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N231-024 TITLE: Minotaur Alternate Radio Command and Control Operations Using Ultrahigh
Frequency Data Mode

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)integrated Network Systents-Systems

Thetechnology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or Bx@ort Administration Regulation (EAR), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop an architecture that can disseminate-bfr8ight (LOS) and Beyond (LOS)
Internet Protocol (IRBased Tracks via existing ARZ10 Gen5/6 Radios via the Ultrahigh Frequency
(UHF) Transport Layer.

DESCRIPTION:The Navy requires common|ttahigh Frequency (UHF) communications

dissemination and sharing capability that will allow extended range data sharing and dissemination of

Minotaur Family of Services (MF0S) data products at the forward edge/operating area of our Multi

Agency PlatformsThis SBIR topic seeks to enable Distributed Maritime Operations (DMO) to achieve

Joint All-Domain Command and Control (JADC?2) across raétivices/Agency/Domain (USN, USMC,

USCG, and CBP), enabling Level of Interoperability (LOI) 3 Command and Contwotoh er Pl at f or m
Sensors.

1. The Open Systems Interconnection (OSI) Model will be used for the conceptual framework to
describe the functions of the Minotaur Alternate Radio C2 Operations (MARCO) networking
system. The effort needs to support the follmywse cases to achieve Joint interoperability

across multiple platforms:

Nodeto-Node Mode: MFoS data products need to be shared between MFoS equipped Platforms
via UHF Frequency data channels enabling Full-&ilain Execution from Sensor to Shooter.

2. Communications Relay Mode (LOS): Establish LofeSight (LOS) communications relay

across multiple nodes to allow for Ovidae-Horizon data dissemination using existing ARCO

radios to distribute MFoS data.

3. SATCOM Mode (BLOS): Establish Beyond Lioé Sight (BLOS) communications to
accommodate both data providers and consumer roles using existing XR@dios to distribute
MFoS data as well as other data sources.

Proposed solutions should enable Distributed Maritime Operations (DMO) to achietvalJBiomain

Command & Control (JADC2) across mestervices/Agency/Domain (USN, USMC, USCG, and CBP).
Additionally, this will enable Level of I nteroper:
Sensors.

Technical considerations should indk, but not be limited to:
1. Data Rate- Measure how much/little data can flow from node to node. Minotaur has a Quality
of Service (QoS) data throttling capability that we will leverage to show how much Minotaur data
we can share between nodes for Kilain execution. Threshold = > 9 kbps, Objective = > 115
kbps
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2. Data Latency Measure time it takes for data dissemination from point A to point B.
Threshold = < 2 Seconds, Objective = < 1 Second from Minotaur Platform to Minotaur Platform
(Using Minotau Remote over UHF)

3. Data Integrity- Measure Packet loss between nodes. Threshold = > 95%, Objective = > 99%
for 6 minutes in a permissive environment.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) th&st be

owned and operated with no foreign influence as defined by DoD 52R).R@&tional Industrial Security
Program Operating Manual, unless acceptable mitigating procedures can and have been implemented and
approved by the Defense Counterintelligence &@acurity Agency (DCSA) formerly Defense Security

Service (DSS). The selected contractor must be able to acquire and maintain a secret level facility and
Personnel Security Clearances. This will allow contractor personnel to perform on advanced phases of

this project as set forth by DCSA and NAVAIR in order to gain access to classified information

pertaining to the national defense of the United States and its allies; this will be an inherent requirement.
The selected company will be required to safeguasstdied material IAW DoD 5220.28@ during the

advanced phases of this contract.

PHASE I.Develop and demonstrate the feasibility of a conceptual design/architecture that will support
dedicated UHF C2 communications between two or more aircraft plattbrmsyh both LOS and BLOS

Physical Layers. Leveraging modeling and simulation simulate Radio Frequency (RF) connections and

data message transfer of Minotaur messages to include, but are not limited to, (Based on Bandwidth) track
position, classificatiorspeed, altitude, and track quality. An additional objective is to show external

control of Minotaur platform sensors using UHF Data mode. The technology should be in compliance

with Quality Management and Software Design standards, such as ISO 9001,\4pEOEPS are

desired to ensure future interoperability with thi
Phase | effort will include prototype plans to be developed under Phase II.

PHASE II: A lab based demonstration will show aircnadtdeto-aircraft node Minotaur Data transfer

(both directions), sensor control of an ElegDptical camera using the Minotaur Interface Control
Document (ICD), and exchange of MFoS data (both directions) between a ground node and an aircraft
node. The AlSlata exchange should be demonstrated over the UHF data network. Laptops installed with
MFoS software will be provided as Government Furnished Equipment (GFE) for aircraft and ground
nodes.

It is probable that the work under this effort will be classifiader Phase Il (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS: Continue the development of the MARCO Software Product
to include LOS and BLOS Physical Layers while supporting both classified and unclassified data
transport, and atitess defects from Phase II.

The demonstration will include three or modes simultaneously, two aircraft and one ground, ensuring
stability of the aircrafto-aircraft Minotaur Data transfer (both directions) and exchange of MFoS data
(both directions) beveen a ground node and an aircraft node. The sensor control of an-Elptitral
camera using the Minotaur Interface Control Document (ICD) and AIS data exchange should be
demonstrated over the UHF data network is required.

All Minotaur equipped platio ms ~ wi | | be able to | everage MARCO’' s ¢
and sharing. MukAgency Pl atf or ms wi | | |l everage MARCO’'s capg
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N231-025 TITLE: Autonomous Voice Coordination between Air Traffic Control and Foreign
Object Debris Removal Systems

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

OBJECTIVE:Develop and demonstrate a software module to adlgsonomous Foreign Object Debris
(FOD) removal systems to properly coordiratdga voice—with Air Traffic Control (ATC) while
operating on airfields.

DESCRIPTION:The U.S. Navy is developing a modern FOD systéraystems solution to reduce the

cost assoeited with engine damage due to FOD ingestion by 75%. Current FOD reduction approaches are
split between base operations and squadrons. The base is responsible for runways, taxiways, and aprons.
They use FOD sweeper trucks to clean kpglrity areas on eaegular schedule. These trucks take about

one week to fully clean an airfield. The squadrons address the flight lines by requiring the entire squadron
to walk up and down the flight line looking for and removing any FOD. These approaches take significant
time away from other duties and still allow $150 million in engine damage each year. This cost will only
increase as more advanced aircraft are developed. To address this, part of the FODfsgpsttams

solution will develop an autonomous vehicle to agplthe sweeper trucks and manual FOD walks.
Additionally, this vehicle will be able to perform-fdc FOD removal operations as FOD is detected.

This reduces overall maintenance costs and personnel workload requirements.

To enable autonomous-dc FOD emoval, the system must communicate with ATC over radio to

ensure safe runway operations. This SBIR topic is requesting the development of a software module that
provides this communication capability. This module will allow the automated system to caratauni

with ATC via voice over radio to negotiate permission on runways in need of FOD removal, respond to
emergencies, and other standard operations. The goal is to enable integration of autonomous systems on
airfields without requiring separate ATC proceskifor autonomous versus huraewed systems.

Current statef-the-art autonomous systems typically incorporate an expertly trained hinrtlagloop

approach. In this approach, the expert human supervises the autonomous systems and communicates with
other humans on the automated system’ s behalf. This
on duty during all airfield operations, which adds to the overall operating costs.

This solution should follow proper ATC communication proceduresyti;ed in Reference 1.

References 2 and 3 also provide background on ATC and airfield operations. The current focus is on land
based airfields, but future operations may extend to cdraieed environments. The solution should also
feature open interfa&s to allow integration into various future FOD platforms. It will use these interfaces

to allow the robot to request permission or information from ATC. These will then be translated into

voice to send over standard radio channels. The solution mugtralsde the reverse to receive

information from ATC. The actual radio, transmission, and receiving of the voice data does not have to be
part of this solution. The system should understand a range of accents and enunciations from various ATC
personnel. Theystem must also handle light background noise. This background noise is equivalent to
talking to a person in the middle of a busy office. Additionally, this solution must run locally on the robot
without any offrobot processing (such as clebdsed sewrs).

Note: NAVAIR will provide Phase | performers with the appropriate guidance required for human
research protocols so that they have the information to use while preparing their Phase Il Initial Proposal.
Institutional Review Board (IRB) determinatias well as processing, submission, and review of all
paperwork required for human subject use can be a lengthy process. As such, no human research will be
allowed until Phase Il and work will not be authorized until approval has been obtained, ty@ically a

option to be exercised during Phase Il
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PHASE I.Develop a tentative framework for the software module highlighting how the module will
address ATC communication protocols. Efforts will also show simple proof of concepts in constructing
and interpreting voice responses. The Phase | effort will inclustetgpe plans to be developed under
Phase 1.

Note: Please refer to the statement included in the Description above regarding human research protocol
for Phase II.

PHASE II: Expand the efforts of Phase | by further developing, and fully implementimgpoftware and
adapting the framework as needed. The effort should implement all communication protocols in a robust
manner such as handling different accents and enunciations. Validation should occur with a variety of
voice data to prove this robustneghis can occur in realistic lab settings or a live environment.)
Deliverables include a prototype; the open interface specification; software design documents; the
uncompiled, humameadable source code; associated comments and documentation; amedny
parameters and weights.

Note: Please refer to the statement included in the Description above regarding human research protocol
for Phase Il.

PHASE Il DUAL USE APPLICATIONS Phase Il will incorporate the solution into any existing
autonomous FODlatform designs. Efforts will focus on adapting the system to integrate with greater
system and improving robustness.

This application directly benefits private and commercial airfields, in addition to military ones. All

airfields have their own FOD miation plans. At least one commercial airport has indicated that they are
exploring automated equipment for use throughout the airfield, as shown in Reference 4. This ATC voice
integration module will benefit those applications.

REFERENCES:
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Administration. https://www.faa.gov/documenbkary/media/Advisory_Circular/158210
20A.pdf
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N231-026 TITLE: Friction Drilling Fasteners for Composite Structures
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

OBJECTIVE:Develop an innovative friction drilling process that can effectively and precisely fasten
together composite structures while preventing induced damage.

DESCRIPTION:This SBIRtopic seeks development of an innovative process to fasten composite
materials without destroying the integrity of the material. A process such as friction drilling has the
potential both to fasten and bond carbon fileerglassbased composite materialtivpolymer
reinforcement. The Navy uses fiber reinforced polymer (FRP) composites in many military aircratft.
Composite materials are in primary lebéaring structures and secondary nonbadring structures and
skins. The size and complexity of compegibmponents are constantly increasing as the desire for
reduced weight drives the replacement of metallic components witdéosity FRP. Fatigue and

overload conditions require thorough tests and analyses to qualify connections to composite parts for
airworthiness. Additionally, nondestructive inspections (NDI) are a crucial requirement for using these
connections.

There may be several dozen fastener locations on a single aircraft component requiring a robust and rapid
connection process for compositele drilling techniques for FRP material originated from traditional
metalworking; however, the unique material properties of FRPs present difficulties in the drilling of a
simple fastener hole. Additionally, fastener holes often require precision csinkse The highly

abrasive nature of carbon, glass, and aramid fibers reduces the tool life of traditional tungsten carbide drill
bits. This problem necessitates their frequent changing and affects the hole diameter as the material
abrades the drill bifThe frictional heat generated by the drill bit can cause severe damage to the polymer
matrix, resulting in a loss of strength that can be extremely difficult to detect. Lastly, FRP materials are
prone to delamination in several situations due to improgiléng techniques. A friction drilling process

may produce a more robust connection.

An alternative method to secure composite parts to other parts involves the use of adhesives. The
adhesives require high levels of cleanliness, fixturing tools, curaigiimes, and multiple personnel for
assembling nomigid, large parts. Production must wait for the adhesive to cure and for the removal of the
fixturing tools. The shear, and eot-plane, loads that adhesives transfer from component to component
are canplex. Adhesives are generally much weaker than fasteners. A process such as friction drilling
appears to offer an alternative to adhesives in many applications.

The Navy has a need to address the following technical challenges to qualify a process such as friction
drilling:

(a) precision fastener locking with robust bushing collars,

(b) no breakout plies on the exit side,

(c) no delamination from edge of holeinto the part,

(d) no splintering allowed at entrance/exit of hole,

(e) no fatigue or ultimate strength damage from pilot holes,

(f) applied or induced heat must not damage the composite material,

(g) automate the process for bushing collar formation stersty and resilience,

(h) modeling and simulation of the process including temperature profile,

(i) modeling and simulation of the progressive damage for fatigue and overload analyses,

(j) demonstration of equivalent or better fatigue properties thacutinent processes,

(k) demonstration of ultimate load capabilities equivalent or better than the current processes.
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PHASE I.Develop an innovative approach for a friction drilling fastener of relevant diameter and depth
in either a carbon fibeor glassbased composite material with polymer reinforcement representative of
those materials used in military aircraft today. Demonstrate feasibility of the developed approach for
producing bonded composite materials. The Phase | effort will include teégdement of prototype

plans for Phase Il.

PHASE II: Show that the strength quality can be at least equal to what is currently achievable with
traditional drilling or adhesive bonding with similarly produced composite materials. Validate the
associated matial strength properties around the friction drill bonded region through fatigue and
overload testing. Fully develop a prototype friction machining tool, demonstrate the precision fastener
capability developed in Phase I, and expand the capability fok agpembly.

PHASE Il DUAL USE APPLICATIONS:Demonstrate fatigue properties and ultimate load capabilities
equal to or better than the current processes to transition this technology to applicable platforms.
This SBIR topic will greatly assist the rectieaal marine industry, the aerospace industry, the wind
turbine industry, and any other industry that uses composite materials.

REFERENCES:
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N231-027 TITLE: Low-cost, LowSWaP, and HiglPerformance Uncooled Infrared Imager
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)integrated Sensing and Cyber; Microelectronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export aimdport of defenseelated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals(FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perforthis topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop lowcost, highperformance, uncooled infrared (IR) focal plane array (FPA)
sensors using innovative novel materials; based on photon detection edmiitim silicon readout
integrated circuits (ROICs), in the midave IR (MWIR) and/or longvave (LWIR), spectral bands.

DESCRIPTION:IR imaging technologies play a critical role in a variety of military applications
including night vision, forwardooking IR cameras, and missile tracking. In these applications, size,
weight, and power (SWaP) are often constrained, especially in aerial platforms such as small and mini
UAVSs, and in marwearable configurations for situation awareness. These applications gveatty

benefit from lowcost, uncooled, loveWaP, and higiperformance IR detector technologies that are
suitable for SWaRonstrained imaging missions. Currently, microbolometer technology provides
uncooled IR thermal detection, but microbolometer perémce is generally limited by low sensitivity,

high noise, slow video speed, lack of spectral content, and incompatibility with complementary metal
oxide semiconductors (CMOS). While CM@8mpatible microbolometer IR FPAs have been developed
recently, theperformance and overall SWaP and cost still need to be improved [Ref 1] for increasingly
demanding naval applications with smaller platforms and lighter payload capacities. Current high
performance IR photon detection technologitmsed on mercury cadmiuelluride (MCT) [Ref 2] and
strainedlayer superlattice structures (SLS) [Ref3jffer high sensitivity, fast response, and high
resolution; however, these photon detectors are costly in fabrication and need to operate at cryogenic
temperatures, which rages expensive and bulky cooling systems that increase the cost and SWaP [Ref
4]. Moreover, digo-die bonding of a compound semiconductor detection layer to a silicon readout
integrated circuit (ROIC) sets a limit on overall FPA size, pixel size, arid cos

Therefore, there is a demand for migration to alternative technology for IR FPA sensors that can address
the following two fundamental challenges: higarformance uncooled operation; and a simple; cost
effective integration at the wafscale with Sbased ROICs with significantly reduced SWaP, similar to

or smaller than that of a commercially available compact video camera in visible spectral range, for more
demanding naval tactical applications. In the past decade, with advances in materialsasdence
nanofabrication, many relatively new materials and technologies have emerged and been explored for IR
photodetectors [Ref 4]. These include colloidal quantum dots [Ref 5], 2D/1D materials (such as graphene
[Ref 6], transition metal dichalcogenides fR& carbon nanotubes [Ref 8]), and heterostructures [Ref 9].
These recent investigations demonstrated great potential in developingehigimance IR FPA sensors.

This SBIR topic aims to develop MWIR and/or LWIR IR FPAs using novel materials and slésign

can operate at room temperature with the high performance and low SWaP requirements listed below.

The IR FPA sensor should achieve the following target performance specifications. The following
specifications represent at least 4X improvement irmabd SWaP over conventional cooled IR imagers.
(a) specific detectivity of D* = 10710 Jones [cm(vHZz)/W] or more,
(b) pixel size: 15 um or less,
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(c) frame rate: 100 F/S or better,
(d) size and weight: 200 cm? or less, and 300 g or less, includingrdrsupporting electronics,
(e) power: 5 W or less.

The technology should definitely be compatible and suitable for fabricatingftangat FPAs of at least
1024 x 1024 pixels, and have a path toward achieving IR color in MWIR and/or LWIR bands.
Furthernmore, CMOS compatibility will accelerate the increase in pixel count in future versions of the
nextgeneration ultranigh-definition FPA.

PHASE I:Design, model, and simulate an innovative approach for an IR FPA sensor that can achieve the
specificationsikted above. Design, fabricate, and test in the laboratory at least one detector based on the
proposed technology. Characterize the detector’ s |
detector array to be fabricated and tested in Phasasélntddeling and simulation to estimate the

performance of the detector array, including SWaP. Develop a test plan and test procedures for the array

to be developed in Phase Il. The Phase | effort will include prototype plans to be developed under Phase

Il.

PHASE II: Optimize the design of the detector array. Develop modifications that can improve
performance. Fabricate prototype detector array and test it in the laboratory to demonstrate all of the
performance specification targets listed in the Descnpfietail a scalable fabrication process that
provides a roadmap toward cagtective production. Conduct a trade study analysis of the array to
establish the case for scalability to larger arrays. Prepare a Phase Il transition plan.

PHASE Il DUAL USE APPLICATIONS:Test and finalize the technology and methodology based on
the research and development results developed during Phase Il. Fully develop and transition the High
Performance Uncooled Infrared Imager based on the final diesigarious naval imaging applications
stated in the topic Description.

The commercial sector can also benefit from this-tmst and lonSWaP infrared imager with fast
response time in the areas of environmental monitoring, and noninvasive health imgpaitdrsensing.
Commercialize the imager based on the technology developed in this SBIR effort for law enforcement,
marine navigation, commercial aviation enhanced vision, medical applications, and industrial
manufacturing processing.
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N231-028 TITLE: DIGITAL ENGINEERING - Artificial Intelligence/Machine Learning
(AI/ML) Hull Mechanical & Electrical Controls

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy; Integrated Sensing
and Cyber

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and iorpof defenseaelated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FI8), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perforrhistopic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop an Artificial Intelligence/Machine Learning (Al/ML) engine capable of improving
alignment, operation, recoverability, and fault detection for Hull, Mewal, and Electrical (HM&E)
control systems.

DESCRIPTION:An autonomous system that deconflicts, decomposes, and triages tasks in HM&E
control systems is necessary in multiclave ships when intenclave commands secured by boundary
defense and intrien detection systems are required. While a ship is underway;ianpetiving rules
system for deconflicting and prioritization can improve lofigrm operations and sustainment of Navy
surface combatants, but software rules that codify normalsysten operations equivalent to teams of
sailors currently have little precedent, eitecommercial or Navy domains.

The Ship Domain Controller (SDC) is a governmewned monitoring, controlling, and integrating

system currently fielded on Navy combatants for ship control systems. Prior work on autonomous
integration systems such as SDC are tightly integrated withylegaitace combatant platforms and have

no ability to apply prioritization and eeonfliction operations to HM&E control systems. The Navy seeks

a system capable of prioritizing,-g@enflicting, and decomposing tasks into control actions. Command
messages ust have cybesecure message authentication from the system (refer to NIS328@0

details on the requirement and NKBU0-52, NIST 80056, NIST 8057, and FIPS 14Q for guidance on
implementation). Commands should be distinguishable from operaton&ods. An advanced Al

algorithm should be developed and trained using sensor data taken from training sets and representative
signal databases that will be supplied to Phase | awardees by the Navy.

Autonomous controls will greatly reduce cognitive burdaroperators in the monitoring, operation, and
actuation of engineering plants plus the detection, diagnosing, troubleshooting, and recovery of
machinery casualties. This enables reductions in manning and provides more timely response to and
recovery fromengineering plant casualties and their impacts, improving the robustness of the plants and
overall survivability of the ship.

PHASE I:Develop a concept of an advanced Al algorithm trained using sensor data taken from training
sets and representative 1sig databases. Key technologies, commercial software, and libraries should be
identified and demonstrated in a simulated environment. Developments during Phase | will identify
further training sets desired to mature the effort in Phase Il. The Phasen @fptixercised, will include

the initial design specifications and capabilities description to build a prototype solution in Phase II.

PHASE II: Develop and deliver a mature Al/ML prototype that meets all requirements in the Description,
with a final demonstration in a relevant environment with other Mavyed HM&E control systems.
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Documentation and eboarding guides will be furnished for othgstems to interface with the Al
engine.

PHASE 1l DUAL USE APPLICATIONS:Support Navy in transitioning the technology for Government

use. Develop deployable designs with specific interface and storage requirements for the control systems.
Control systemsacross manufacturing and process industries as well as in DOD can benefit from
incorporating Al/ML decision making technologies; manpower reduction, operational efficiencies,
troubleshooting and prognostics.

REFERENCES:
1. 1. Moacdieh, Nadine Marie, and Sant Nadi ne. “The Effects of Dat
Organization, and Stress on Search Performance

Transactions on Humaachine Systems 47, December 2017:-896.
https://lieeexplore.ieee.org/document/7971994

2. 2Yang Canjun, Zhu, Yuanchao, an-MaddiheeCoqgperatiann hu. *“
in the Robotics Domai n.-MacHinE &EenB 62abesemluet 202i:n's o n
12-25. https://ieeexplore.ieee.org/document/9653727

KEYWORDS: Machine learning; Atrtifi@l Intelligence; Hull, Mechanical, and Electrical; Controls
Automation; Ship Domain Controller; Boundary Defense and Intrusion Systems
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N231-029 TITLE: DIGITAL ENGINEERING - Software Incident Report Capture and Scripting

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy; Advance Computing
andSoftware

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive techniaddta, or the Export Administration Regulation (EAR), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, atadeiment

of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a continuous event recording and incident capture tool for software test teams to
enable test scripts that recreate system conditions so fixes may be efficiently validated.

DESCRIPTION:Complex Naval Control Systems (NCSs), such aftksSQQ-89A(V)15 Surface Ship

Undersea Warfare / AnBubmarine Warfare Combat System, enable sailors to perform complex

missions in support of achieving national security objectives. NCSs can involve millions of source lines

of code (SLOC). Despiterigoreu t est i ng, an NCS may field with num
problem reports (SPRs) or bugs, software flaws that do not prevent successful mission execution, but

which at least are irritating and at worst can extend the time required to achieve sussiess.

The Navy seeks a method for capturing specific underlying conditions associated with manifestations of a

bug, to enhance the Navy’'s ability to diagnose th
Enabling capture of key conditionsgsent during an observed software incident and producing scripting
to enable faithfulre r eat i on of the bug, wildl substantially i

code that better supports sailor use in pursuit of tactical objectives. Thisduite acquisition and
maintenance costs. Currently, there are no solutions that enable capture of these key conditions during
observed incidents.

Many NCSs include extensive recording capability, intended to enable reconstruction of tactically
significant exercises and operations. However, this recording capability is not geared towards identifying
the key attributes of system operation contributing to observed software bugs. As any observed bug
would be associated with previously unknown software @isfand contributing factors, it is impossible

to determine in advance which system attributes would need to be recorded to ensure a bug could be
recreated. However, it appears possible to use Artificial Intelligence (Al) and Machine Learning (ML) on
full recordings involving bugs to develop an ontology of bug categories and the subset of system
attributes required to recreate and diagnose the bug.

The desired solution will exist within the NCS and, upon a signal from a test engineerjnittatt

analysis and capture of the conditions associated with a recent bug. The technology sought will involve
concise capture of the nature of the bug, as observed by the user. The technology will also collect
sufficient metadata regarding key systemditions to enable developers to diagnose the likely cause(s)
of the bug, recreate the error, and validate a fix has been successful.

The technology will also have a capability available to tactical users, to capture information sufficient to

diagnoseand ecr eat e “escaped bugs”, software probl ems t
been released for tactical use.
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The software incident report capture and scripting (SIRCS) technology should reduce the time required to
find, fix, and repair (FFRbugs by at least 25%. Improved FFR efficiency will enable the Navy to either
reduce the time required to produce software with
reduce the number of bugs present in software baselines produced uadeiaedstelease rate. The

SIRCS technology will not need to capture all bugs accurately but will need to be able to identify when a

bug has not been properly captured. A key attribute of the technology will be the ability of the bug

ontology, once developetb accurately synopsize key system conditions to support bug diagnosis and
creation. A secondary attribute will be the ease with which a test engineer or other user can capture a
concise definition of the bug as observed, as users will be unlikely totoséthat is too cumbersome

resulting in continued bugs.

The NCS will possess a mature logging function and ability to ingest scripts for automated testing. The
Navy will have a clear definition of bug impact and likelihood to enplieisional categorization of

bugs in advance of formal assessment by the configuration control board (CCB) associated with the NCS.
Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated witloriForeign Influence as defined by DOD 5220M2National Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), fdmmerly t
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DSS and NAVSEA in order tangaccess to classified information pertaining to the

national defense of the United States and its allies; this will be an inherent requirement. The selected
company will be required to safeguard classified material IAW DoD 522@.88ring the advance

phases of this contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding set ofisgccontrols from National Institute of Standards and
Technology (NIST) Special Publication (SP) 888 and evaluated using assessment procedures from
NIST SP 80663A and DoDBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
andTools).

The Contractor shall support the Assessment and Authorization (A&A) of the system. The Contractor

shall support the government's efforts to obtain ;
DoDI 8500.01 Cybersecurity, DoDI 8510.01 RisladMhigement Framework (RMF) for DoD Information

Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional Authorizing Official (FAQO). The Contractor shall design the tool

to their propsed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2M by delivering OQE and documentation to support assessand

authorization package development.

Contractor Information Systems Security Requirements. The Contractor shall implement the security
requirements set forth in the clause entitled DFARS 25272041 2, “ Saf eguar ding Cover
Informationand @ ber I nci dent Reporting,” and National Il ns
Special Publication 80Q71.

PHASE I.Develop a concept for an embedded software incident report capture and scripting (SIRCS)
technology to meet the parameters of theddpson. The concept should be compatible with multiple
software languages operating within a Red Hat Linux operating system. Demonstrate feasibility using an
unclassified system that allows the Government to understand how the concept is extensiBigito NC
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general and to the AN/SQBBA (V)15 in particular. The Phase | Option, if exercised, will include the
initial design specifications and capabilities description to build a prototype solution in Phase II.

PHASE Il: Develop and deliver a prototype soére incident report capture and scripting system based
on the results of Phase |. The Phase Il effort will involve use of the technology with the AN/SQQ
89A(V)15 system itself. The prototype software incident report capture and scripting capabilitg will
evaluated by Navy subject matter experts (SMEs) familiar with both NCS prototype testing and NCS
certification testing.

It is probable that the work under this effort will be classified under Phase 1l (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioning the technology to Navy use.

The final SIRCS product will be an integrated capability to capture concise descriptions of bugs, together
with sufficient metadata to enable the bug to be recreatediagaoded. The technology arising from this
research would initially be incorporated into systems undergoing test during both development and
certification stages of software maturation. The technology developed could be put into use as early as the
testingof the AN/SQQ89A(V)15 Advanced Capability Build (ACB) prototype undergoing development
testing in 2027, likely the SQ@9A(V)15 ACB-29 build. As this ACB matures, use of the SIRCS

technology will expand to include certification testing and testing agsaolcwith installation and check

out aboard Navy combatants.

Throughout the envisioned use of the technology by Navy test personnel, the company would be funded
to expand the bug classes to which the SIRCS technology reliably applies. A minimum \odbilet pr

(MVP) would involve capture of 100% of concise user bug descriptions, 80% appropriate bug severity
assessments prior to formal CCB adjudication, and sufficient capture of correct metadata and script
generation to more than offset the time spent gitieg fix and repair based on incorrect metadata and
script generation.

There is potential for a SIRCS capability to apply beyond Naval control systems to other DoD control
systems. Industrial applications would include complex control systems wheredaian result in
catastrophic consequences, such as control systems for nuclear power and information technology.

REFERENCES:

1. Fl or ac, William A., “Software Quality Measurem
Def ects. ” Cbdniversityg Boftwah &hglineenng Institute Technical Report
CMU/SEI92-TR-022, ESCTR-92-022.
https://resources.sei.cmu.edu/asset_files/TechnicalReport/1992 005 001 _16088.pdf

2. Hanna, Milad et al. “A Review of ScTreispttiinngg "Tec
International Journal of Advanced Computer Science and Applications (IJACSA), 5(1), 2014.
https://thesai.org/Publications/ViewPaper?Volume=5&Issue=1&Code=IJACSA&SerialNo=28

3. Navy Fact F-8AVeUndetséaNVargar@ QARBubmarine Warfar€E o mbat Sy st e m.
U.S. Navy Office of Information, 20 Sep 2021. https://www.navy.mil/Resources/Fact
Files/DisplayFactFiles/Article/2166784/anseRPv-underseavarfareantisubmarinewarfare
combatsystem

KEYWORDS: Software incident report; automated testingval control systems; find, fix, and repair;
FFR; ontology of bug categories; Al/ML for bug characterization
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N231-030 TITLE: DIGITAL ENGINEERING - Model Centric Safety Analysis Tool
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology within this topic is restricted underltiternational Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts730-774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by thésf accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Apply Model Based System Engineering (MBSE) tools tat@ model representing the
safety process required to develop and deploy advanced Navy munition systems.

DESCRIPTION:Munitions (Missiles and Projectiles) require rigorous technical evaluation and

assessment of safetyitical components and stdmmponats, including software. This currently

involves the evaluation of the testicntgalfeatureaa |l uat i ol
by System Safety Working Groups (SSWGs) and official Navy Safety Technical Panels. These include

the Fuzeand Initiation Safety Technical Panel (FISTRP); the Software System Safety Technical Review
Panel (SSSTRP), and ultimately the Navy’'s Weapon .
The WSESRB reviews the ent i-gritecal paues fprileemunitionptban t o a
mitigate the risk or criticality of hazardous events. Many compereated artifacts such as architectural

drawings are developed for SSWGs and Technical Panels and are reused throughout this process. Due to

the heterogermais nature of munitions and explosives, their manufacture, storage, delivery application,

and operational use, coupled with safety requirements spanning current and future designs, there is a
necessity to automate the processes that qualify their fieldimgently processes are performed

manually with no automated solution. Because automated solutions do not currently exist, the US Navy

seeks advances in data and architecture design to develop a MBSE framework with structured data

schemas for advanced mition safety analysis and management. In addition to integrating requirements

(e.g., Department of Defense [DoD] explosive safety guidelines) and data generation (e.g., test

configurations, test metrics, test results) through such techniques as NatirsniPnatg Language

(NPL), a model [based upon a subset of Department of Defense Architectural Framework (DoDAF) like

views] is expected that will enable multiple tiers of decision analysis. These tiers may include not only

safety integration but impacts orunition performance and life cycle costs.

The solution will provide a structure for integrating requirements and data of differing ontologies from
multiple sources (e.g., DoD, Department of the Navy (DoN), Department of Transportation (DoT)) as
well as tkeir architecture to model the complex processes, requirements, and test data for safety
qualification of different munition configurations. The resultant technology should provide a recognizable
model comprising elements of the Data Models, OperationadllMedels, and System Level Models
necessary to support safety data and risk and hazard analysis.

The final product should provide a prototype digital model of the DoN safety framework that bridges
relationships between explosive hazard classificatioqiosive hazard mitigation and associated risks

with requirements and testing processes. The final product shall also illustrate the decision analysis
techniques that provide efficiencies. It is expected that a subset of existing munition program tases wil

be used to trace the conceptualized system performance across both operational and system safety level
analysis events to support model validity and potential process efficiencies that could reduce development
time and costs.
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Additionally, MBSE based tus that specifically support different analysis areas are expected (that is,
support differing metrics or muitier analysis capability). An example of the analysis metrics would be
in support of artifacts extracted from the FISTRP, SSSTRP, WSESRBnsemsltive Munitions (IM)
requirements and processes. Mtiltir analysis would look for bridging this safety perspective model
with other munition/missile system engineering or design tools.

PHASE I.Define the conceptual data model and architecturedwark for modeling munition and

missile safety development, test, and qualification process and analysis allowing for technology
innovation. Demonstrate the process model concept meets the parameters in the Description and show
feasibility through modelingnd analysis. This period will include a static demonstration of use case
applicability to illustrate the modeling of the processes to lay the groundwork for supporting program
analysis. The Phase | Option, if exercised, will include the initial desiggifeqations and capabilities
description to build a prototype solution in Phase II.

PHASE II: Develop and deliver a prototype active framework using the concept developed in Phase I.
Demonstrate the prototype meets the parameters of the Descriptiomusodgl centric approach. This
prototype will result in a demonstration of multiple uses cases and perturbations that will emphasize
tiered analysis in support of decision events.

PHASE 1l DUAL USE APPLICATIONS:Provide the final product and remain pimsied to expand the

use cases as well as safety and fault tree based analysis capabilities. The development of the model is
available to expand upon mutter decision support tools and to more closely couple design,
manufacturing, and program managenagtision events with discrete and stochastic based risk analysis.
Commercial applications would include safety critical industry processes, especially those operating
under multiple requirement sources (e.g., Environmental directivath Federal and tal). Examples of
possible industries might include Nuclear, Geophysical (Mining), or Chemical.

REFERENCES:

1. Future ModelBased Systems Engineering Vision and Strategy Bridge for NASA National
Aeronautics and Space Administration Glenn Rese@matter Cleveland, Ohio 44135 October
2021. https://ntrs.nasa.gov/citations/20210014025

2. Department of Defense: Digital Engineering Strategy. Office of the Deputy Assistant Secretary of
Defense for Systems Engineering, 2018. https://man.fas.org/eprint/e2gé8gpdf

3. Biggs, Geoffrey et al. Integrating Safety and Reliability Analysis into MBSE: overview of the
new proposed OMG standard, INCOSE International Symposium, 16 August 2018.
https://doi.org/10.1002/j.2338837.2018.00551.x
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STANDARD Missile program
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N231-031 TITLE: DIGITAL ENGINEERING - Automated Cavitating Waterjet Cleaning Device
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and importdefenserelated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), thecountry(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on thisn@y be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop an automated cavitating waterjet cleaning device for conformal hull array areas.

DESCRIPTION:Acoustic receive arrays mounted to the contours of Navy subesaaimd surface
combatants provide detailed understanding of the undersea environment and the entities within that
environment. However, these sensitive surfaces can easily become fouled by biological growth during
deployment. This biofouling causes soumermgy to impinge on the sonar arrays, clouding sonar images
and effectively reducing array sensitivity.

Current practice for cleaning these hedinformal acoustic receive arrays is to utilize divers to manually
remove the biofouling. This is particulatiyue for conformal arrays onto which it is not possible to add
tri-butyl tin oxide (TBTO), a powerful anfouling agent that is approved for the large sonar domes on
surface combatants. Some commercialailable technologies exist to clean ship hiitsyever, the

Navy seeks a USourced technology approved for Nasgyecific materials and technologies, which
currently do not exist.

Hull-conformal acoustic arrays, often coated with-émtiling materials, can cover large areas of the hull

of a submaria or surface combatant. Using current practice, this results in a need to manually clean large,
fouled surface areas, which comes with a concomitant risk to divers. A technology that could properly
clean acoustic arrays could also be used for generatlbating to increase fuel efficiency and reduce

flow noise.

The Navy seeks an automated cleaning device that will provide for automated cleaning of biofouling and
allow a cleaning device to automatically clean a surface on a docked vessel on whicliniidizsi|

grown and not damage the surface being cleaned. Hull conformal acoustic arrays, such as the Large
Vertical Array (LVA) present on select submarines, could be degraded in performance if the surface were
damaged. Such an automated cleaning devicédwmed to increase or decrease its cleaning cycle
dependent on the amount of biofouling that has occurred to enable longer or more passes on biofouling
that resists removal while touching only lightly on areas where there is little or no biofouling.

The evisioned result of the innovation sought is reduced damage todnftbrmal arrays and any anti

fouling treatment as well as reduced danger to divers charged with removing biofouling across large areas
on the hulls of surface ships and submarines.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign Influence as defined by DOD 5280 .[Rational Industrial

Security Program Operating Manual, unless acceptable mitigatingdpiresecan and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Seidy Clearances, in order to perform on advanced phases of this contract
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as set forth by DSS and NAVSEA in order to gain access to classified information pertaining to the
national defense of the United States and its allies; this will be an inhereménegpi. The selected
company will be required to safeguard classified material IAW DoD 522@.88ring the advance
phases of this contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized irmccordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding set of security controls from National Institute of Standards and
Technology (NIST) Special Publication (SP) &8, and evaluated using assment procedures from
NIST SP 80663A and DoDspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&A) of the system. The Contractor

shall supportthegoverme nt *' s ef forts to obtain an Authorizati oo
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) for DoD Information
Technology (IT), NIST SP 8863, NAVSEA 9400.2M (October 2016), and business rulestsy the

NAVSEA Echelon Il and the Functional Authorizing Official (FAO). The Contractor shall design the tool

to their proposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design material for RMF sssent and authorization in accordance with

NAVSEA Instruction 9400.2M by delivering OQE and documentation to support assessment and

authorization package development.

Contractor Information Systems Security Requirements. The Contractor shall impleensattrity

requirements set forth in the clause entitled DFARS 25272041 2, “ Saf eguar ding Cover
I nformation and Cyber Incident Reporting,” and Naf
Special Publication 80Q71.

PHASE I:Developa concept for an automated cavitating waterjet cleaner that meets the parameters in the
Description. Demonstrate the concept through modeling and analysis. The Phase | Option, if exercised,
will include the initial design specifications and capabilitiescdig@tion to build a prototype solution in

Phase II.

PHASE II: Develop and deliver a prototype automated cavitating waterjet cleaner from concept
development in Phase |I. Demonstrate that the prototype meets parameters of the Description. The
prototype wil be tested on a representative-fidaled test surface in a controlled body of water.

It is possible that the work under this effort will be classified under Phase Il (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioning the technology for Navy

use. Work with Navy subject matter experts to develop a design that can clean with minimal manning. In
the event the Navy determines that the designs are apprdpriase with hulconformal arrays, the

Navy will refine system requirements and either levy the improved requirement on prime contractors
producing towed arrays or will purchase prototypes and low rate initial production (LRIP) units from the
company,

Potential dual use of the automated cavitating waterjet cleaning technology would be any maritime or
oceanographic surface or vessel that must be kept free of biofouling for customer enjoyment or functional
performance. Examples would include piers, aqumasi, rigging for oil and gas exploration, and cleaning

of commercial vessels to achieve maximal fuel efficiency.

REFERENCES:
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1. Navy Fact Fil e, -S'SAt,t"adk SSubNmaryi miOfsf i ce of I nfor
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submarinessn/

2. Navy Fact F89(VeUndeadd Wa&Qre/ARBu b mar i ne War f are Combe
20 Sep 2021. https://www.navy.mil/Resources/Hilds/Display
FactFiks/Article/2166784/ansg89v-underseavarfareantisubmarinewarfarecombatsystem/

3. Howard, S. C. et al. “Research and Devel opment
Removing Marine Growth and Fouling ftesdnn, U. S.
Woodbine MD. 1 Jun 1978. https://apps.dtic.mil/sti/pdfs/ADA065463.pdf

KEYWORDS:Large Aperture Bow; LAB; biofouling; fuel efficiency; attack submarines; automated
cleaning device for ships; biofouling removal
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N231-032 TITLE: Launchable Mini Glider for Variable Payloads
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated matericand services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of angthe type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restectedhdu

technical data under US Export Control Laws.

OBJECTIVE:Develop a launchable mini glider sensor platform able to survive 48 hours in service within
the water column.

DESCRIPTION:Unmanned gliders have demonstrated the ability to measure ocaamsrents for
extended periods of time across vast ocean areas.
leverage physics to facilitate movement through the water and, as such, are more energy efficient than
unmanned vehicles that require posifprepulsion to travel or maintain station. Existing gliders are

larger than a shipping pallet and must be launched from the deck of a surface ship.

The Navy seeks to produce a launchable hybrid buoyancy glider sensor platform that survives 48 hours in
theocean in conditions up to sea state 6 (SS 6). The device will initially focus on measurement of the
local sound speed profile (SSP), with a requirement that the device rise to the surface at least once every
six hours to transmit collected environmentdbimation to either satellites or proximate manned

platforms involved in conducting Undersea Warfare (USW).

As there are numerous unmanned systems at advanced stages of development, proposals of greatest
interest will reflect an understanding of the tdife -cycle and infrastructure required to produce tactical
utility. Therefore, the proposed technology should provide a high level concept for how the glider would
interact with the variety of platforms that would leverage the information collectec lyfider. For

example, the data could be transmitted using existing protocols via satellite networks, via radio frequency
(RF) to combatants and air platforms above the surface of the water, and/or via acoustic emissions to
submerged platforms or sensors.

There are three standard form factors that could be launched from a wide variety of platforms:
1) the standard torpedo form factor (6.25 inches in diameter x 107 inches long)
2) the Asize sonobuoy form factor (4.875 inches in diameter x 36 ifohg$, and
3) the standard 3" countermeasure form factor

Though past attempts suggest it is unlikely the glider endurance and performance could fit in something
as small as an-Aize sonobuoy, themaller form factors could potentially accommodate other systems to
facilitate the utility of the primary glider, such as communication devices to extend the range to which the
data collected by the hybrid buoyancy glider could be transmitted.

Because thé&-size form factor is compatible with all platforms that perform USW, proposers are advised
that any Asize form factor element of a proposed system expanding the utility of the hybrid buoyancy
glider would be expected to conform to the following objexgiv

1. Packaging: LALL26A Sonobuoy Launch Container (SLC) or equivalent

2. Weight: Max 39 Ibs. (bare, not including the SLC)
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3. St owed Dimensions: 4.875” diameter x 36" | e
4. Storage: 5 years shelf life

5. Launch Envelope: Full Sonobuoy productspecification

6. Temperature operational from20°C to 50°C

7. Cost: In final form,

The initial payload desired for the glider platform would be the measurement of sound speed as a function
of depth, the SSP already mentioned. However, the utfiitiyeolaunchable device would increase in
proportion to the flexibility of payload options the glider platform could accommodate.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with i@reign Influence as defined by DOD 5220M2National Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DSS and NAVSEA in order to gamtess to classified information pertaining to the

national defense of the United States and its allies; this will be an inherent requirement. The selected
company will be required to safeguard classified material IAW DoD 522@.88ring the advance

phags of this contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding set of sgcadntrols from National Institute of Standards and
Technology (NIST) Special Publication (SP) 888 and evaluated using assessment procedures from
NIST SP 80663A and DoDBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tods).

The Contractor shall support the Assessment and Authorization (A&A) of the system. The Contractor

shall support the government's efforts to obtain ;
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Ridianagement Framework (RMF) for DoD Information

Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional Authorizing Official (FAQO). The Contractor shall design the tool

to their prgposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2M by delivering OQE and documentation to support assest and

authorization package development.

Contractor Information Systems Security Requirements. The Contractor shall implement the security
requirements set forth in the clause entitted DFARS 25272041 2, “ Saf eguarding Cover
InformationandCy ber | nci dent Reporting,” and National | n s
Special Publication 80Q71.

PHASE |:Develop a concept for a launchable device and any required supporting devices capable of

meeting the required parameters for theppse of measuring SSPs. Demonstrate that the key attributes

of the concept’'s feasibility meet the parameters |
through modeling and analysis. The Phase | Option, if exercised, will include the initgal desi

specifications and capabilities description to build a prototype solution in Phase II.

PHASE II: Develop and deliver a prototype launchable glider device and required supporting devices
based on the results of Phase I. Additional testing of prototypes to support analyses of device survivability
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in the ocean environment would also be conducted byaimpany to support a decision on the part of
the Navy.

It is possible that the work under this effort will be classified under Phase Il (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioning the launcleagjlider and

any required supporting devices. Navy interest in a launchable device hosting a sensor module is focused
on devices that can be easily launched from platforms conducting USW, which puts priority on solutions
that fit one or more of the starrdamilitary form factors identified in the description. The core sound

speed profile measurement capability would enable persistent measurement of the key factors associated
with sound propagation.

Potential dual use of the launchable nuhder device wuld be for ocean exploration, such as the oil and
gas industry, and characterization of oceanographic properties for the study of marine wildlife.

REFERENCES:

1. “Bat hythermograph (XBT) data from US Navy ship
1974 to 12 November 1974 (NODC Accession 830010:
Information, NESDIS, NOAA, U.S. Department of Commerce.
https://data.cnra.ca.gov/dataset/bathythermogrépidatafrom-us-navy-shipsof-opportunity
and-otherplatforms06-june-1974to

2 Cauchy, Pierre, et al. “Wind Speed Measured fr
Acoustics,” Journal of Atmospheric and Oceanic
2018. https://journals.ametsoc.org/view/journals/atot/35/12ftet#
0209.1.xml?tab_body=fulltexdisplay

3. Mitchell, Major General P.J. North Atlantic Treaty Organization (NATO) Oceanographic Data
Exchange Format (NODEE), Standardization Agreement (STANAG), promulgated 30
November 1983.
https://www.nodc.noaa.gov/archivez8001/9600017/2.2/about/NODEF_1_fmt.pdf
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N231-033 TITLE: Permanent Radio Frequency Transparent ANfFAfray Cover
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Computing and Software

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedatedmaterial and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(iesj origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may intecsine to the

technical data under US Export Control Laws.

OBJECTIVE:Develop a permanent Radio Frequency (RF) transparent protective cover for the AEGIS
AN/SPY-1 Array Antenna to extend the life of the Room Temperature Vulcanizing (RTV) coating and
reduce how often the ship will need to be resurfaced.

DESCRIPTION:Currently, the AEGIS AN/SPM radar arrays are coated with a unique Room
Temperature Vulcanizing (RTV) coating. The current RTV coating system must be resurfaced after
approximately 9 yearsf service. The need for resurfacing is based on Material Condition Assessments
(MCASs) determining repairs needed in the next scheduled ship availability. MCAs help to identify the
type and level of severity of any surface corrosion or water intrusidmeiAN/SP¥1 arrays.

Commercial products with the combined requirements of strength and RF transparency that meet Navy
test requirements for shock and transmission are not available.

Resurfacing requires a highly specialized process to strip and reshdeaaeays. The current RTV

coating is extremely difficult to apply and application requires special equipment, certification training,
and unique talent. On spray day, RTS7 mixture is applied to the whole AN/SRYAntenna Array

face, which consists @n aluminum structure and ceramic waveguide seals (windows). ThelBTV
mixture consists of RTV 157, Heptane, Oxsol 100, and tint. HAZMAT chemicals are used in the RTV
157 mixture to change it to a liquid form to spray on the array face. Chemicaldatesid out to the
atmosphere after a 24 hour cure period. The current AN/BRiYay resurfacing process generates a large
volume of hazard material waste of approximately four (43588on Drums of Solid HAZWASTE
(contains old RTV, rags used for chenhigpplication, gloves, fire retardant paper used to cover the ship
hull when applying the RTV) and one (1)-&&llons Drum of Liquid HAZWASTE (contains Heptane,
Oxsol 100, Ethyl Acetate, Isopropyl Alcohol, RTV 157 mixture, tint).

Improper preparation ompalication of the RTV protective coating can result in reduced service life of the
coating and possible radar performance degradation due to RF signal attenuation. Because the RTV is
applied directly to the array face ceramic RF windows (i.e., waveguédi®) seny coating deterioration

can lead to water intrusion, corrosion of the aluminum array face substrate, and degradation of radar
performance. Once this occurs, sea water will start to penetrate the Array Nests inside and salt crystal
residue will statrto form inside. Sea water and RF signals do not mix because sea water behaves optically
like a metal. Therefore, the RF signal reflects back when it interacts with sea water. Furthermore, the thin
coating of RTV provides virtually no impact protectiom fbe RF windows, which are extremely

vulnerable to damage from physical contact (e.g., hail, rogue waves, spent cartridges, etc.).

The AN/SPY¥-1 array cover must survive a nuclear thermal shock and demonstrate a low coefficient of

expansion resulting in mimal mechanical forces transmitted to the array. Government Furnished
Information (GFI) on specific nuclear thermal shock requirements will be provided in Phase Il in a
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classified environment. Any generated residue (ash) produced as a result of tla plésenmust be
easily wiped or washed away and any ash generated must not impact RF signal performance.

Navy seeks a permanent RF transparent protective cover for the AEGIS AlN/S8Ray Antenna to

extend the life of the RTV coating and reduce howrothe ship will need to be resurfaced. The

permanent covers will be removable for replacement, refurbishment or repairs. Removed damaged covers
will be refurbished offsite for the next ship requiring array maintenance. The cover must be designed to
encapulate the array face while allowing access to array alignment points.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign Influence as defined by DOD 5210 [R&tional Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selectedractor must be able to acquire and maintain a secret

level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DCSA and NAVSEA in order to gain access to classified information pertaittieg t

national defense of the United States and its allies; this will be an inherent requirement. The selected
company will be required to safeguard classified material IAW DoD 5224.88ring the advance

phases of this contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding set of security controls from Nationaltmsf Standards and
Technology (NIST) Special Publication (SP) &8 and evaluated using assessment procedures from
NIST SP 80663A and DoDspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall spprt the Assessment and Authorization (A&A) of the system. The Contractor

shall support the government's efforts to obtain
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) folriboination

Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional Authorizing Official (FAQO). The Contractor shall design the tool

to their proposed RMF Security Controls neaggdo obtain A&A. The Contractor shall provide

technical support and design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2/ by delivering OQE and documentation to support assessment and

authorization package delopment.

Contractor Information Systems Security Requirements. The Contractor shall implement the security
requirements set forth in the clause entitted DFARS 25272041 2, “ Saf eguarding Cover
I nformation and Cyber iohahrstituteeoffStand®ds@ral machnolagy (NISTA nd Na |
Special Publication 80Q71.

PHASE I:Develop a concept of installing permanent, removable RF transparent covers over the
AN/SPY-1 arrays. Demonstrate the feasibility of the concept in meeting Navy aeédstablish that the
concept can be developed into a useful product for the Navy. Feasibility will be established via computer
modeling. The Phase | Option, if exercised, will include the initial design specifications and capabilities
description to bud a prototype solution in Phase II.

PHASE Il: Develop and deliver a prototype permanent RF transparent protective cover for the AEGIS
AN/SPY-1 radar array for testing and evaluation based on the results of Phase I. Demonstrate system
performance throughrptotype evaluation and testing, modeling, and analysis. Evaluate results and
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accordingly refine the prototype concept to ensure that the prototyped hardware clearly shows a path to
development of a manufacturable, sea worthy hardened system. The prototiglds to be made

available for Government demonstration or testing. Prepare a Phase Il development plan to transition the
technology to Navy use.

It is probable that the work under this effort will be classified under Phase Il (see Descriptiamfeectio
details).

PHASE Il DUAL USE APPLICATIONS: Support the Navy in transitioning a permanent RF transparent
protective cover for the AEGIS AN/SPY radar array to Navy use. Facilitate transition of a permanent

RF transparent protective cover for the ABAN/SPY-1 radar array for sea trials to be demonstrated on

a relevant vessel. Participate in a fleet demonstration aimed at transition with the intent to purchase and
integrate the system into the US Navy AEGIS Fleet.

With the proliferation of flat pagl arrays both in military and commercial radar and communications,
high strength RF transparent protective covers will be required to extend service life of the emitter
components.

REFERENCES:

1. Lepl ey, Larry K. and Adams, WiROMAGNETI®A. “ REFLEC
WAVES ATANAIRRWATER | NTERFACE FOR PURE AND SEA WATE
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Technical Report No. 25 https://scholarspace.manoa.hawaii.edu/items/e8i9brth31 30
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2. SHOCKTESTS, H.l. (HIGHIMPACT) SHIPBOARD MACHINERY, EQUIPMENT, AND
SYSTEMS, REQUIREMENTS FOR, MHS-901D(NAVY), 17 March 1989;
http://everyspec.com/MHSPECS/MIL-SPECSMIL -S/MIL-S-901D_14581/
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Frequency; RF
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N231-034 TITLE: Open Architecture Telemetry First Level Multiplexer with Array Power
Distribution

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Computing and Software

The technology within thitopic is restricted under the International Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export AdministrateguRtion (EAR), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intendefor accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a single Open Arithcture Telemetry (OAT) component which combines the
functionality of an OAT First Level Multiplexer (FLM) with the array power distribution component
(power shunt).

DESCRIPTION:Towed acoustic receive arrays provide powerful insight intautitkersea environment

and the natural and mamade entities that exist under the surface of the ocean. Towed arrays are
populated with hydrophones, and when there is increased hydrophone density in the towed array, it is
possible to achieve a higher res@uatunderstanding of the ocean environment. However, the resolution
with which a towed array can measure the undersea environment is limited by the number of data
channels in the array. The number of data channels is limited by the available data baamhvadttount

of power that can be utilized throughout the array.

The Navy has developed open architecture telemetry (OAT) to reduce Navy reliance on proprietary
hardware vendors. This open architecture approach allows other venpgar8dipate in refinement of
key design elements of Navy towed acoustic receive arrays.

To expand this open architecture approach beyond the current state of the art, the Navy seeks to develop
an FLM independent of the channels themselves. By multiplékimgensor data onto a separate high

speed backbone, data can be transmitted at increased rates to enabléotdrmdtiease in the number of
individual sensor elements a towed array can use for a given cable design.

Multiplexing the hydrophone dateansmitted in the array can only improve towed array resolution if the
individual hydrophones and telemetry components can be powered, a capability that is beyond the current
state of the art. Therefore, development of a power distribution system, ar gftayme that can provide

power to an increased number of individual hydrophones and their telemetry components with which the
towed array is populated will also be necessary. Combining the FLM and shunt into a single package
would reduce the overall fooipt of telemetry components, providing additional space for sensing
capabilities.

Towed arrays and their component parts must survive the range of environmental conditions to which the
towed array might be subjected. The FLM will survive being towedruh@econditions described in
MIL-STD-167-1A.

The elements of the FLM and power shunt design that exist within the towed array itself must not

interfere with the flow over the towed array, indicating that the dimensions of such elements of an OAT
telemety should be smaller than approximately 1" in
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must not significantly increase the likelihood of array breakage while stowed or during deployment and
retrieval.

Work produced in Phase Il may become clasdifi¢ote: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign Influence as defined by DOD 5280 .[Rational Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented andpgproved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to performvameed phases of this contract

as set forth by DSS and NAVSEA in order to gain access to classified information pertaining to the
national defense of the United States and its allies; this will be an inherent requirement. The selected
company will be regued to safeguard classified material IAW DoD 5226M\22{uring the advance

phases of this contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordance with Committee on National Securgte®y Instruction (CNSSI) 1253,
implemented using a corresponding set of security controls from National Institute of Standards and
Technology (NIST) Special Publication (SP) 888, and evaluated using assessment procedures from
NIST SP 80663A and DobBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&A) of the system. The Contractor

shall support the government ' steATO) maccosdariceowitto bt ai n
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) for DoD Information
Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional gorizing Official (FAQO). The Contractor shall design the tool

to their proposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2M by delivering OQE and documentation to support assessment and

authorization package development.

Contractor Information Systems Security Requirements. The Contractor shall implement the security
requirements set forth in the clawsgitied DFARS 252.20# 012, “ Safeguarding Cover
I nformation and Cyber Incident Reporting,” and Nai
Special Publication 80Q71.

PHASE I:Develop a concept for OAT FLM with a power distributigrstem or power shunt and show it
meets the parameters of the Description. Demonstrate the concept can feasibly meet the parameters
through analysis and modeling. The Phase | feasibility demonstration and associated analysis should
support a reasonable exgation that the technology could meet the performance parameters in the
Description and provide reasonable expectation that additional sensor hydrophones could be
accommodated. The Phase | Option, if exercised, will include the initial design specificaiib
capabilities description to build a prototype solution in Phase I

PHASE Il: Develop and deliver a prototype system that would be tested in a controlled body of water,
such as the deep waters of Lake Pend Oreille near Bayview, Idaho. Additiiimg té prototypes to

support analyses of FLM and power shunt survivability in the ocean environment will also be conducted
by the company to support a decision on the part of the Navy.

It is possible that the work under this effort will be classifiadar Phase Il (see Description section for
details).
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PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioning the technology for Navy

use. Work with Navy subject matter experts to develop designs that would perform as desired when
integrated with the other open architecture telemetry elements, towed array hydrophones, and towed array
physical form factor. In the event the Navy determines that the designs are appropriate for incorporation
into the OAT system, the Navy will refine $gm requirements and either levy the improved requirement

on prime contractors producing towed arrays or will purchase prototypes and low rate initial production
(LRIP) units from the company.

Potential dual use of the FLM and power shunt would be fayamsed in oil and gas exploration and
other environmental sensing applications.

REFERENCES:
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Carleton University, Ottawa, Ontario, 2016. https://curve.carleton.ca/system/files/etd/88679474
7bcd436e8551-e62864841f7aletd_pdf/07c773744089fcla27fa019f0eab2891/wang
alowpower8tolanalogmultiplexerforbiosignal.pdf

2. “WTA: The US Navy’' s New Towed Array for Naval
September 2019. https://www.defenseindustrydaily.com/thBais-navysnewtowedarray-for-
navaldetection04956

KEYWORDS:First level multiplexer. FLM; power distributippower shunt; towed acoustic receive
array; open architecture telemetry; OAT; increased hydrophone density
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N231-035 TITLE: Automatic Target Recognition (ATR) in Complex Underwater Environments
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology within this topic is restricted untter International Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR

Pats 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment lg/Rh(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop adaptive Artificial Intelligence / Machine&rning (Al/ML) automatic target
recognition (ATR) algorithms to support Autonomous Undersea Vehicle (AUV) operations in complex
environments.

DESCRIPTION:ATR algorithm performance is degraded in littoral waters because of the clutter created
by the abudance of marine life in a complex underwater environment. Complex underwater
environments are underwater areas with varied seabed composition, bottom clutter, and a significant
amount of marine life. Current ATR capabilities are created foraoomplex enironments with

homogenous seabed and limited marine life. As a result, current ATR capabilities lack the ability to
discriminate between targets and clutter caused by marine life, reducing the ability to perform detection,
classification, and localizatioof targets.

The Navy is seeking AI/ML ATR processing algorithms, or techniques to facilitate target identification in
complex environments using acoustic, optical, and magnetic sensors. The resulting technology should
provide a significant improvement the performance and detection capability of ATR algorithms by
reducing the Probability of False Alarm (Pfa) and improve operator work load. Improvements are
considered significant when performance in complex environments approaches the current baseline
requirements for performance in n@omplex environments. The technology will be integrated into the
Generalized ATR (GATR) system to improve performance and detection capability

AI/ML capability should incorporate information from new data sets into the gyERem as they are

acquired, and reptimize the ATR algorithms quickly across all known environments, including those of
newly acquired data. Online Machine Learning (OML:
the field based on operatprovided results without affecting prior performance. The information

collected online can be used to refine the prediction hypothesis (classifier) used in the ATR algorithms. In
addition, the information may provide input for automated methods of optimizifypEfformance

across all known data sets.

The proposed effort will develop innovative OML algorithms for ATR that can incorporate human
operator decisions to optimize probability of detection and probability of false alarm performance in new
environmentsand for new target types. These algorithms will be integrated into mission andipsisin
analysis systems in which operators review acquired data. Algorithms must be built for operation on the
Nvidia Graphics Processing Unit (GPU) using the ComputeiéthDevice Architecture (CUDA). The

OML algorithms and optimization tools developed in this effort will reduce program costs by minimizing
the time required for optimizing ATR algorithms to perform well in complex operational environments
where there isftile or no data available.
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Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign Influence as defined by DOD 52®0.[Rational Industrial

Security Program Operating Manuahless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DCSA and NAVSEA in order to gain access to classified information pertaining to the
national defense of the United States and iteglthis will be an inherent requirement. The selected
company will be required to safeguard classified material IAW DoD 522@.88ring the advance

phases of this contract.

All DoD Information Systems (IS) and Platform Information Technology (BYEjems will be

categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding set of security controls from National Institute of Standards and
Technology (NIST) Special Publication (SR)0863, and evaluated using assessment procedures from
NIST SP 80663A and DoDBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&A) of the system. Thect@ont

shall support the government's efforts to obtain
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) for DoD Information
Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional Authorizing Official (FAQO). The Contractor shall design the tool

to their proposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical supportrad design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2M by delivering OQE and documentation to support assessment and

authorization package development.

Contractor Information Systems Security Requiremertis. Qontractor shall implement the security

requirements set forth in the clause entitted DFARS 25272041 2, “ Saf eguar ding Cover
I nformation and Cyber Incident Reporting,” and Nali
Special Publicabn 800171.

PHASE |:Develop a concept to facilitate target identification in complex underwater environments using
acoustic, optical, and magnetic sensors that meets the requirements described above. Demonstrate the
feasibility of the concept in meetirdavy needs and establish that the concept can be feasibly developed
into a useful product for the Navy. Feasibility will be established by testing and analytical modeling.

The Phase | Option, if exercised, will include the initial design specificatimhsapabilities description

to build a prototype solution in Phase II.

PHASE Il:Based on the results of Phase | and the Phase Il Statement of Work (SOW), develop and
deliver a prototype for evaluation as appropriate. The prototype will be evaluatddrinide its

capability in meeting the performance goals defined in the Phase Il SOW and the Navy requirements for
the algorithms. Demonstrate performance across a broad set of Government Furnished Information (GFI)
data. Performance will be validated agi@overnmenprovided target truth. Prepare a Phase llI
development plan to transition the technology to Navy use. The company will prepare a Phase ll|
development plan to transition the technology to Navy use.

It is possible that the work under thisatfwill be classified under Phase Il (see Description section for
details).
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PHASE 1l DUAL USE APPLICATIONS:Produce and support a final prototype that will be integrated

into developmental and operational frameworks used by the MK18 FanSlystdms (FoS).
Additionally, Al /ML algorithms developed may be i
Technology developed under this effort is applicable to any domain that requires subsea platform

autonomy such as subsea oil and gas pipeline irispect

REFERENCES:
1. Secretary of the Navy Innovation Awards; "The Expeditionary MCM (ExXMCM) Company: The
Newest Capability in U.S. Navy Explosive Ordnance Disposal (EOD) Community.” July 2017.
https://www.secnav.navy.mil/innovation/Documents/2017/07/ExXMCM.pd

2. Neupane, D. , Seok, J . ;BaseddApiraachésdowAutomaticCsenarp L e ar n
Target Recognition”, Electronics 2020, 9(11),
3. Doshi , K., Yilmaz, Y., “Continwall |l laeaarenivin g efosr

Computer Vision Foundation, 2020. [2004.07941] Continual Learning for Anomaly Detection in
Surveillance Videos (arxiv.org) https://arxiv.org/abs/2004.07941

KEYWORDS: Artificial Intelligence / Machine Learning; AUV / UUV; Automatic Tartgeetection;
General ATR; Probability of false alarm; ATR capabilities; Complex water environments.
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N231-036 TITLE: Long-Range Acoustic Communications System
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)iIntegrated Network Systentd-Systems

The technology within this topic is restricted underltiternational Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts730-774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by thésf accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a longange acoustic communications system $ligiports paging submerged
unmanned autonomous systems operating in-daepshallowocean environments.

DESCRIPTION:The Navy is seeking to develop a lerange acoustic communications system capable

of transmitting serviceequests, alerts, and coordination messages to unmanned systems operating in
deep and shallow ocean environments. The development of-aapgg comrmunications system to

support unmanned maritime system operations in which both transmitter and receiver are submerged is
challenging due to the size, weight, and power (SWaP) constraints imposed by most battery powered
unmanned vehicles, and the impacenfironmental properties on the characteristics of the acoustic
channel. Due to the increase in absorption losses that acoustic signals undergo as their frequency
increases, longange acousticommunication system must use low frequency bands and require

acoustic source with high electagoustic efficiency able to reach source levels above 190 dB re 1
microPa [Ref 5]. The commercial market and most siétbe-art research on underwater acoustic
communications have focused on increasing the traniemibg rate for short and medium range peint
to-point applications. Some commerciallyailable longrange acoustic messaging systems integrate
radiofrequency (RF) communications with an RF/acoustic surface gateway to reach undersea nodes from
a surfacetaition. Similar systems for submerged source and destination pairs that do not require surface
relay infrastructure are not commercially available.

To address this gap, the lon@gnge acoustic communications system proposed under this SBIR topic must
be,at a minimum, capable of transmitting emay through water to enable asymmetric acoustic
communications at ranges up to 100 km in shallow ocean waters and up to 200 km int&hdéepy

ocean waters. Shallewater acoustic propagation environments feaguboth upwarerefracting and
downwardrefracting sound speed profiles can be considered. The transmitter should cover conical
volumes with tunable apertures between 5 and 25 degrees. The communications system must transmit
messages up to 125 bytes (ued) on a 1hour cycle, and bursts of messages up to 64 bytes as needed.
Additionally, the system must be robust to Doppler effects for relative transnaitieiver speeds of up to

5 m/s. If a surface receiver is used, it must be able to receive acnassaging with minimal

performance degradation atupto-sea at e | ev el 8 ( b-foreessdaleoIn gelBeenlathef or t ' s
communications system must be robust to ss@le variability in acoustic channel conditions. Finally,
modulations and waverms with lowprobability-of-detection and lowprobability-of-interception
characteristics would be preferred.

The communications receiver is required to have a form factor capable of fitting within a reezitum

UUV with a cylindrical shape nottoexake 12" radius and 10" | engt h. The
transducers or other transmitter/receiver hardware must weigh less than 5 Ibs. SWaP constraints on the
acoustic transducer geometry imposed by UUV configurations will drive the level of asynexetcted

in the longrange acoustic communication links enabled by the communications system. Similar SWaP
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guidelines apply to the transmitter module if deployed in a UUV. A power allowance of 200 W for
transmit mode and 10 W for receive mode shoulddssl as a design referequewerbudget for medium
class UUVs. Deployment of a transmitter for larger platforms, both mobile and fixed, will also be
considered. In the latter case, SWaP guidelines will be adjusted to the target platform.

To ensure inteqgerability with planned and future UUVs, solutions must also comply with the PMS

406’ s Unmanned Maritime Autonomy Architecture (UM,
interfaces and software reuse among the mission autonomy and the various weliolkrs, payloads,

and C2 services in the PMS 406 portfolio of Unmanned surface and undersea vehicles (UxV). The

UMAA standard for Interface Control Documents (ICDs) mitigates the risk of unique autonomy solutions
applicable to just a few vehicles allmg flexibility to incorporate vendor improvements as they are

identified; affect crosslomain interoperability of UXS vehicles; and allow for open architecture (OA)

modularity of autonomy solutions, control systems, C2, and payloads. UMAA standardguinetre

ICDs will be provided during the Phase | effort.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign Influence as defined by DOD 5280 .[Rational Industrial

Securiy Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be atdeite and maintain a secret

level facility and Personnel Security Clearances, to perform on advanced phases of this contract as set
forth by DCSA and NAVSEA to gain access to classified information pertaining to the national defense
of the United Statesnd its allies; this will be an inherent requirement. The selected company will be
required to safeguard classified material IAW DoD 5220\2@uring the advance phases of this contract.

All DoD Information Systems (IS) and Platform Informatibechnology (PIT) systems will be
categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding set of security controls from National Institute of Standards and
Technology (NIST) Specialublication (SP) 803, and evaluated using assessment procedures from
NIST SP 80663A and DoDBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&A) sidtem. The Contractor

shall support the government's efforts to obtain ;
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) for DoD Information
Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional Authorizing Official (FAQO). The Contractor shall design the tool

to their proposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2V by delivering OQE and documentation to support assessment and

authorization package development.

Contractor Information Systems SecyfRequirements. The Contractor shall implement the security

requirements set forth in the clause entitled DFARS 25272041 2, “ Saf eguar ding Cover
I nformation and Cyber Incident Reporting,” and Nali
Special Publication 80Q71.

PHASE I.Develop a concept for a lorgnge acoustic communications system that meets the
requirements in the Description. Establish feasibility by developing system diagrams as well as
ComputerAided Design (CAD) models thahow the transmitter concept and provide estimated weight
and dimensions of the concept. Feasibility will also be established by corbpstat simulations that
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show the system’' s capabilities are suhncudetlah e f or
assessment of the SWaP for the acoustic transmitter and receiver, as well as a notional transducer
geometry that accommodates the space constraints imposed by rsebudUVs. The Phase | Option,

if exercised, will include the initial design spications and capabilities description to build a prototype
solution in Phase II.

PHASE Il:Based on the results of Phase | and the Phase Il Statement of Work (SOW), develop and
deliver a prototype system for-imater testing and measurement/validabéthe Phase | performance
attributes. The system prototype shall include a transmitter receiver pair, and the corresponding software
and application programming interface (API) descriptions. Test the prototype system, first in a controlled
laboratory envionment, then in an iwater (saltwater) environment, to determine its capability to meet

all relevant performance metrics outlined above and in the Phase || SOW. Performers are expected to
explore opportunities for atea experimentation to further demivate the feasibility of the system.
Demonstrate the prototype system performance in both environments (laboratoryneaterjrand

present the results in two separate test reports to the Government. Use the results to correct any
performance deficienciemnd refine the prototype into a ppeoduction design that will meet Navy
requirements. Prepare a Phase Ill SOW that will outline how the technology will be transitioned for Navy
use.

It is probable that the work under this effort will be classified nitese Il (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:The company will support the Navy in transitioning the
technology to Navy use. Work with Navy subject matter experts to develop an acoustic communications
system for UUVs.

If successful, the longange acoustic communications system could be applied to other unmanned Navy

t

assets including buoys and subsea nodes. These assets have communications requirements, some of which

require covert communications for which this systauld provide a solution. In addition to such DoD

applications, the communication system could be used in commercial oil, gas, and oceanographic sensing

applications.

REFERENCES:
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N231-037 TITLE: DIGITAL ENGINEERING - Gun Weapons Systems Synthetic Unmanned
Aerial Systems Imagery Data Set

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated materisand services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of drigthe type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restectedhedu

technical data under US Export Control Laws.

OBJECTIVE:Develop a synthetic imagery dataset of Unmanned Aerial Systems (UAS) using machine
learning (ML) for computer vision discriminator applications.

DESCRIPTION:Unmanned Aerial Systems (UAS)ge a threat to the US Navy (USN) surface fleet.
CounterUAS results in successful negation of UAS threats by USN effectors. It requires the ability to
detect, identify, discriminate, and engage in a-effgictive manner. In order to increase the autamati

of surface sensors'’ ability to detect, identi fy,
data must be collected. The number and variety of UAS and the need for all aspect coverage make
physical data collections costly in terms of tinmel anoney. The USN seeks automated visual synthetic
data generation using ML to develop these large data sets. The produced data sets will train algorithms.
Synthetic data generation is a rapidly growing field. It is being applied to many different use case
including autonomous vehicle navigation and advanced daissistance systems as well as security
systems and manufacturing automation. While these areas of research and development are newly
advancing, specific use needed by the Government is noalleaiDne particular technique that may be
applicable is Deep Convolutional Generative Adversarial Networks (DC GANSs) but other synthetic
techniques are viable. The solution should provide data as seen atanndse, topdown aerial view,

and broad sié view (i.e., plan, profile, and various oblique angles). The solution should demonstrate
realism of the dataset through analysis and modeling.

The solution will contain a synthetic dataset of fraoyedrame UAS images (not video sequences) in

both visibe and thermal bands that is useful for application to the training, validation, and testing of ML
and artificially intelligent sutsystems for Naval Gunnery Systems. The solution should produce a dataset
that conforms to commonly available public standamis$ contains images and labels of ground truth

objects in accordance with class ontology, such as the Jet Propulsion Laboratory Semantic Web for Earth
and Environmental Terminology (SWEET). The dataset should contain at least 3 types of group 1 UAS
and atleast 2 types of group 2 UAS. These UAS used to create datasets may be commercial products. The
synthetically generated data shall be phetlistic for both the visible and thermal imagery with high
definition (HD) resolution.

The labels should be atinimum rectangular labels, with segmentation labels being the objective. The
dataset should also have diverse object and scene composition with variations in object size, orientation,
background, lighting, and atmospheric conditions. The perspectivézanof ®bservation should also

vary ranging between 2 pixels in the smallest dimension up to the full size of the image frames.

The dataset should also be appropriately partitioned by the band of synthetic imagery (visible and
thermal). It should also fallv image dataset convention in the split of training for the training of ML
systems; validation for the initial testing of the algorithm performance; and test for model performance
verification with distinct data from the other sets. Each band of dataamilhin these three sisiets.
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PHASE |:Develop a concept for automated synthetic generation dataset. Demonstrate its technical
feasibility using analytical models, simulations, and testing. Modeling should demonstrate several
produced imagedatasets in both the visible and thermal bands. The Phase | Option, if exercised, will
include the initial design specifications and capabilities description to build a prototype solution in Phase
Il

PHASE Il: Develop and deliver a prototype automateutisgtic generation dataset as described in the
Description and based on the results of Phase I. Demonstrate that the prototype meets the parameters of
the Description through initial laboratory testing to confirm the design, functionality, and modelling
underlying the theory of automated synthetic generation to evaluate and assess the sufficiency of the
synthetic dataset. The prototype dataset will be provided to the Government for testing in a digital format
using common file formats.

PHASE Ill DUAL USE APPLICATIONS:Support the Navy in transitioning the automated synthetic
generation technology to Navy use through testing and further development to facilitate the adaptation of
the technology to Navy use in Naval Gunnery applications. The prototype eviltlprthe foundation

upon which to train, validate, and test UAS detection systems.

The product itself may have limited applications in the commercial sector. However, the tools and process
developed to create this dataset will be extremely valuabtbdarreation of additional datasets for
commercial applications. These include autonomous vehicle automation, security systems, and
manufacturing automation.
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April 3, 2017 https://arxiv.org/pdf/1701.00160

4. Samadzadegan, F.; Dadrass Javan, F.; Ashtari Mahi@ihhélamshahi, M. Detection and
Recognition of Drones Based on a Deep Convolutional Neural Network Using Visible Imagery.
Aerospace 2022, 9, 31. https://www.mdpi.com/223a0/9/1/31/pdf

5. Brock, Andr ew. “LARGE SCALE GAN TRAI NI NG FOR H
IMAGE SYNTHESI S” | CLR September 28, 2018 https: /|

KEYWORDS:Deep Convolutional Generative Adversarial Networks; Synthetic Data Generation;
Synthetic Dataset; Unmanned Aerial Systems Imagery; UAS; CeUiSr Artificial Intelligence fo
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N231-038 TITLE: Perceptually Losslessnmanned Underwater Vehicle (UUV) Sensor Data
Compression

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Part420-130, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must dis@ogeproposed use of foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advisefibreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop an innovative data compression capability for the UUV sensor data that can
increase onboard storage and enablading large amounts of sensor data acoustically through the water
column and Over the Horizon (OTH) using limited bandwidth transmissions including acoustic, radio,
and satellite links.

DESCRIPTION:The Maritime Expeditionary Mine Countermeasures UnmednUndersea Vehicle
(MEMUUV) Family of Systems (FoS) program has an interest in increasing the capability of sending
high-resolution sonar and camera images and video files OTH using limited bandwidth. Additionally, the
Mine Warfare community uses largelumes of imagery data to build Automatic Target Recognition
(ATR) data sets for training and calibration of
the order of 80 bps; however, in the near future it is anticipated that the prograeveriige transfer

rates of up to 4 kbps at distances between 150800m. The transmission of compressed data will need

to overcome physical challenges such as low sitgaabise ratios, strong rapidly varying mytath, and

noise interference thatwitbtd ay ' s t echnol ogy results in relativel

development will be required to achieve the required data compression for sonar images due to the
speckle noise content. It should be anticipated that file sizes up to 40 MB bleatompressed with a
visually lossless ratio of at least 10:1.

The Navy seeks tangible i mprovement over today’
lossless compression methods can currently be expected to achieve 2:1 to 4:1 compigision
perceptually lossless compression methods may achieve 10:1 compression or better [Ref 1].

Recognizing that ofthe-shelf (OTS) codecs may not be optimal for sonar and undersea optical
modalities, an innovative compression techniqgue is souglkbfapression of sonar, camera, and video
data so that high resolution images and videos can be transmitted over the limited bandwigirgregror
links.

Concepts are desired that are both bandwidth efficient and error tolerant [Refs 1, 3, 5]. For pfirposes
this SBIR topic, “visually |l ossless” means the
for mine identification by, or training of, human analysts. It is noted that the Human Visual System with
masking (HVSm) correlates well with humparception and is the preferred metric in recognizing
perceptual losslessness [Refs 1 and 2]. Offers should notionally quantify expected improvement of the
proposed technology. Image compression solutions may be in the form of hardware, software, or both.
Hardware proposals should address integration considerations (e.g., size, weight and power [SWaP]
constraints) for small and medium class UUVs such as the MK 18 Mod 1 and Mod 2.
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Work produced in Phase Il may become classified. Note: The prospectivactor{s) must be U.S.

Owned and Operated with no Foreign Influence as defined by DOD 52®0.[Rational Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Coummédiigence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contrac
as set forth by DCSA and NAVSEA in order to gain access to classified information pertaining to the
national defense of the United States and its allies; this will be an inherent requirement. The selected
company will be required to safeguard classifieaterial IAW DoD 5220.2:2M during the advance

phases of this contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordance with Committee on National Security Systems Inst(@is81) 1253,
implemented using a corresponding set of security controls from National Institute of Standards and
Technology (NIST) Special Publication (SP) 888 and evaluated using assessment procedures from
NIST SP 80663A and DobBspecific (KS) (Infomation Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&A) of the system. The Contractor

shall support the government' s effortdancewithobt ai n
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) for DoD Information
Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional Authorizing Offic@AQO). The Contractor shall design the tool

to their proposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 940(®-M by delivering OQE and documentation to support assessment and

authorization package development.

Contractor Information Systems Security Requirements. The Contractor shall implement the security
requirements set forth in the clause entited DFARSZ®7 01 2, “ Saf eguarding Cover
I nformation and Cyber Incident Reporting,” and Nali
Special Publication 80Q71.

PHASE |:The company will develop a concept for compressing the MEMUUV sonar, aittkonagery

that meet the requirements in the Description. Demonstrate the feasibility of the concept in meeting Navy
needs and establish that the concept can be developed into a useful product for the Navy. Feasibility will
be established by analytical oeding and feasibility testing. The Phase | Option, if exercised, will include
the initial concept design specifications and capabilities description to build a prototype solution in Phase
Il.

PHASE Il:Based on the results of Phase | and the Phasedlaauent plan, develop and deliver an

image compression (hardware and/or software) prototype for evaluation. The prototype will be evaluated
to determine its capability in meeting the performance goals defined in the Phase Il development plan and
the Navyrequirements for data compression. System performance will be demonstrated through

prototype evaluation with MEMUUYV sonar and camera data. Evaluation results will be used to refine the
prototype into an initial design that will meet Navy requirements.dPeep Phase Il development plan to
transition the technology to Navy use by identifying any remaining cyber or security requirements,

training packages, and sustainment costs.

It is possible that the work under this effort will be classified uRtdterse Il (see Description section for
details).
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PHASE Il DUAL USE APPLICATIONS:Support the Navy and other Government and commercial
entities (e.g., NOAA, NGIA and underwater survey companies) in transitioning the technology to a
fielded system within MKL8 Program of Record or other commercial applications. Conduct efforts to
perform any remaining integration or fielding requirements to include training, technical manuals, cyber
security, sustainment, and other engineering services. Mature the marngdggtacess of any image
compression and minimized data loss hardware and software from initiaRatevProduction (LRIP)
through Full Rate Production (FRP). The Phase Il will provide the contract instrument for the PMO to
apply sustainment and productprovement during the product life cycle.

REFERENCES:
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"A Comparison of Compression Codecs for Maritime and Sonar Images in Bandwidth
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2. Ponomar enko, N.; Silvestri, F.; Egiazari an, K.
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Workshop on Video Processing and Quality Metrics for Consumer Electronics MPQM
Scottsdale, AZ, USA, 2826 January 2007.

3. Collins, T. & Alt«kriaarst, PRI HTErirmage compression,’
Image & Signal Processing, Volume 148, Is8udun 2001
4 Tomasi , B. & Toni , L. & Casari , P. & Preisig, J

Coding Techniqgue for Underwater Acoustic Commu
Sixth ACM International Workshop on Underwater Networks, Decerddgt, Article No.: 9,
Pages 48t. https://doi.org/10.1145/2076569.2076578
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N231-039 TITLE: Boat & Combatant Craft Electric Drivieropulsion System
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Renewable Energy Generation and Storage

OBJECTIVE:Develop electric drive propulsion technology for aboard boat and combatant craft to add
redundancy, increase fuel economy, redsigaature, and increase payload capacity at loiter and low
speeds.

DESCRIPTION:Small vehicle electric drive propulsion technology is prevalent in other industries
especially automotive. However, a capability that is marinized and meets the missiceneqtsrof

U.S. Navy boat and combatant craft does not exist. Boats and Combatant craft operate eighty (80) percent
of the time at slow and loiter speeds while the propulsion systems are designed for higher cruise speeds.
Engines rated for cruise speedsttém be very inefficient at loiter speeds resulting in inefficient fuel
consumption.

By introducing electric drive propulsion, boats and combatant craft can operate on electric power
generated by a group of smaller generators or engines operatingfatiantgopower and fuel

consumption, thereby reducing total ownership cost instead of having large diesel engines operating in
norrideal conditions. Total ownership cost is reduced through reduced fuel consumption and less/lower
cost maintenance. Less minance is achieved through operating an engine at a lower speed rating or at
a more optimum power rating and lower cost is achieved by having smaller more eaecatsible and
maintainable systems. Additionally, electric propulsion at lower boat spaadiecrease the level of
sound emitted from the boat, reducing a boat
Finally, there is added redundancy with multiple means to generate electrical power to maintain
performance of the craft. Theahnology shall be evaluated against existing boat specifications, original
manufacturer data, and existing life cycle operating data. A marine configured electric drive propulsion
system does not exist in the operational profile required fo&88Dhp &an engine shaft speed range of
5004000 rpm at the output of the marine gear as well as required boat endurance and range for boats and
combatant craft operated by DoD and U.S. Navy.

S nNnoi

PHASE I:Develop a concept for a marine configured electric driveydsign system for a relevant

vessel similar to a U.S. Navy 3 foot Patrol Boat that meets the requirements in the Description.
Demonstrate the feasibility of the operational concept via physsised modeling and simulation. Within

the feasibility studydefine the components of the propulsion system and hull, mechanical and electrical
interfaces required, the power control management system as well as functional design concepts of the
system. Provide a preliminary concept design and an associated @nhpalidation plan. The Phase |
Option, if exercised, will include the initial design specifications and capabilities description to build a
prototype solution in Phase II.

PHASE II: Develop and deliver a prototype operational electric drive propulgiiam capable of being
integrated with a US Navy 300 foot Patrol Boat. Evaluate the prototype to determine its capability in
meeting the performance goals defined in the Phase Il SOW and the Navy requirements fdiOtfa80

Patrol Boats. Demonstrasgstem performance through prototype evaluation and testing, modeling, and
analysis. Evaluate results and accordingly refine the propulsion system concept. Ensure that the
prototyped hardware clearly shows a path to development of a sea worthy hardeerad@psrequest,

the prototype model is to be made available for Government demonstration or testing. Prepare a Phase Il
development plan to transition the technology to Navy use.

PHASE 1l DUAL USE APPLICATIONS:Support the Navy in transitioning the etiec drive propulsion
system to Navy use. Support the Navy in transitioning a fully hardened electric drive propulsion system
for sea trials to be demonstrated on a relevant vessel. Ensure that the system passes an underway test to be
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developed for the dimed test platform. Support for participation in fleet demonstration is aimed at
transition and integration of the system into the US Navy Patrol Boat Fleet.

A propulsion system of this type should benefit working craft in the fishing, oil, or resedugtrias
operating in the open water environment.

REFERENCES:
1. Tamunodukobipi, Daniel; Samson, NiElecricgn@ and Si
Hybrid-El ectri c Propul sion Technology for Small Ve

Association. 27 March 2015; https://www.scirp.org/(S(351jmbntv
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2. Naval Surface Warfare Center. Carderock Division, Combatant Craft Division; US Na\y 30
foot Combatant Craftlybridization Specificatiomttps://navysbir.com/n23_1/N231
039_Reference_2_Propulsion_System.pdf

KEYWORDS:Electric Drive Propulsion Systems; U.S. Navyf8®atrol Boat; U.S. Navy 46 Patrol
Boat; Mine Counter Measures Operations; Force Protectiora@qes; Distributed Maritime Operations
and Littoral Operations in a Contested Environment
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N231-040 TITLE: Rugged HighTemperature Superconductor Wire Bundles for Shipboard
Installation

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

The technology within this topic restricted under the International Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regu{&#dr), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for apuplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:The US Navy is seekingragged hightemperature superconducting (HTS) wire bundle for
installation on a Navy vessel either during the shipbuilding process, or after the ship is delivered to the
Navy, preventing the need for fixed length cables.

DESCRIPTION:HTS technology has lea developed over the past several decades for multiple
applications. There have been several demonstrations of HTS in coils for ship propulsion motors and
wind generators; as power cables in the grid between transfer stations; and most recentlyusigriear f
reactors. These applications use the HTS conductor in either a coil form factor (motors, generators, fusion
reactors), or in the grid as goBase, higtvoltage cable. The Navy is looking at alternative uses of HTS
technology that do not requirepBases or higivoltage, which will change the cables topology, and in

some cases make it simpler. However, the simple HTS cable will need to be rugged enough for shipboard
installation and use, with immediate application in degaussing systems.

US Navy shipstnust meet magnetic signature specifications
oceans and waterways. To accomplish this, a degaussing system is installed on the ship so it can maintain

a low-magnetic signature while underway. The principle of degjagds to mitigate the magnetic

signature of the ship by installing a series of coils in three different axis internal to the hull of the ship,
which counteract the signature created by the shi,j
energzed, a uniform magnetic field is produced throughout the ship.

Traditionally, advanced degaussing systems use bundles of insulated copper cables to generate the
magnetic fields necessary to maintain @edBTs p’'s ma
cables and associated support hardware for use within the advanced degaussing system aboard the LPD

28 (USS Ft Lauderdale). When installing a copper degaussing loop, the cable is pulled through many

spaces, which may include conduit through bulidseand tanks, or the cables may be hung in open

passageways and compartments. After the cable is pulled along its intended path, it is cut and terminated

at the junctions near the power supply.

HTS cable installation differs from copper cable instailatiCurrent HTS cables are manufactured at the

factory to a pradetermined length with prassembled connectors enabling fast installation into-HTS

specific junction boxes. The cables cannot be cut to length at the time of installation and connection. If

cable paths need to beraeuted, extra lengths of cable will be required. If the required length of cable is

not readily available, they will have to be custom manufactured at the factory. Changing cable

configurations will also affect management of magnsignature. Remanufacture of cable lengths will

also add significant cost and result in untenable lead times. The limited bend radius of HTS cables is a
function of the cable’s fabricati opnwaledcoauagtedl nd!l e o
vacuum cryostat.

NAVY - 131



VERSION 3

The Navy is interested in concepts for a second generation (2G) HTS wire bundle that can be pulled
throughout the ship inside a pirestalled cryostat and cut to length at the time of installation. The bundle
will need to withstandensions associated with pulling it through either Fgiioe or flexible, corrugated
cryostats with a small bend radius. The bundle should fit within a pipe or corrugated tube with an inner
diameter of 0.80 inches. The bundle should withstand 1,000 tbhsion. The bend radius may be as

tight as 12 inches, with a straight run of cryostat 1 ft to 100 ft before making additional bends. The bundle
may be 650 ft to 820 ft in length. The bundle must not only rely on the strength of the laminations since
there are various lamination configurations that may be used with different tension ratings. A test length
of cable should be a minimum of 150 ft with 40 conductors, each with a minimum Ic of 100 A. To
demonstrate its flexibility, the bundle must fit in agipr tube with a diameter less than 1 inch, make at
least six 90 degree turns with a minimum radius of 12 in, spaced 3 ft, and 50 ft apart; have the ability to
solder the HTS conductors after installation of the bundle in the cryostat; demonstrateisol&digs of

600 V both before and after pulling; and demonstrate retention of the Ic after being pulled through a
cryostat. Finally, the test bundle must prove that it can withstand up to 1,000 Ibf of tension.

The installed HTS bundle must carry up t®@®mp Turns once terminated and connected. The power
supplied to the bundle will be 100 A at 4 Volts. The bundle must be insulated from the cryostat to ensure
there are no electrical shorts between the bundle and the cryostat. The bundle will be crgtegktoc
temperatures using gaseous helium at a range of 50 to 80 K.

PHASE I:Provide a concept for the HTS bundle that will meet the requirements within the Description.
The concept must prove feasibility through modeling of the bundle for mechanécejth while under
tension, flexibility of the bundle, and predicted electrical isolation characteristics. Preliminary testing of a
short length of the concept is desirable to demonstrate the bundles capability to retain the HTS critical
current (Ic) afte being subjected to tension. The Phase | Option, if exercised, will include the initial
design specifications and capabilities description to build a prototype solution in Phase II.

PHASE IlI: Develop and deliver a fulicale prototype of the HTS bundrestalled in a cryostat that

demonstrates it can meet the requirements in the Description. The demonstration should be accomplished

by fabricating the bundle and testing its maximum operating current (Ic) prior to installation in a cryostat;
installingitin a cryostat containing minimum radius bends
operating current (Ic) while in the cryostat.

PHASE 1l DUAL USE APPLICATIONS:Support the Navy in transitioning the technology as a
component of the HTS degaussing eyst The initial platform that the technology is expected to
transition to is LPD 17 Class ships, or other future Navy ship designs.

Additional industries that may benefit from the product developed from this SBIR topic may be in electric
grid power distibution, wind generators, or in future superconducting areas of generators or fusion
reactors.

REFERENCES:
1. Kephart, J. T., Fitzpatrick, B. K., Ferrara, P
temperature superconducting degaussingfroma si bi I ity study to fleet

Transactions on Applied Superconductivity, 21(3): 22282, 2011.
https://doi.org/10.1109/TASC.2010.2092746

2. Wi kkerink, D. P. , Hanse, | ., Mo r , A. R. , Pol i n
bycoppemend HTS windings.” 15th International Nava
Delft, Netherlands, 2020. https://doi.org/10.24868/issn.Z8I8HX.2020.067
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“Cryogenics for an HTS degaussing system demons
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N231-041 TITLE: Improved Distancéeasurement During Underway Replenishments
(UNREPSs)

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

OBJECTIVE:Develop a portable device to replace the current phone/distance line capable of accurately
measuring the distanc®tween two ships and providing wireless communications during Underway
Replenishments (UNREPS).

DESCRIPTION:T he US N a-BlyClass D&stogers are typically at sea for long stretches of time.
Frequent resupply is required to sustain the ships atife& NREP. During connected UNREPS, two

ships operate at 1800 ft apart. The ships separation is continuously monitored to maintain a safe
operating distance. The current process for distance measurement involves tying a rope to one ship and
manually tasioning the rope between the two ships. This is manpower intense and risky. The Navy
requires the development of an innovative means of distance measurement and emissions controlled
(EMCON) compliant wireless communications during UNREPS.

There is a neeth replace the phone/distance line with a less manpower intense system that is more
flexible in location. This can be with one or two devices working in concert. The development of an
improved phone/distance system to meet the Navy needs will requicmmiieg the following technical
challenges. First, the device(s) must be able to maintain a high degree of accuracy at all times when
measuring distance and provide clear communications during rough sea states and inclement weather.
Environmental conditionmclude such hazards as rain, sea spray, and fog, all of which can disrupt the
signals used in contemporary distance measuring devices and communications systems. The improved
distance measuring system must be accurate in such conditions in order it loeyef life and shall be
mounted on two moving platforms. The device must be able to compensate for this motion and maintain
an accurate reading. Additionally, the device should be poaiable, compact for storage and transport,
and pose no fire hazhras it will be used in the proximity of aviation fuel. The communications system
shall provide clear communications in similar conditions.

Research into distance measurement devices has revealed several methods that could potentially meet the
N a v y ‘eds Tharehave been numerous advances in distance measuring techniques across industry but
no device has been adequately demonstrated to be a replacement for the existing Navy phone and distance
line. Some technologies are accurate, but not viable in Banafly adverse environments. Other

technologies have emissions which may render it unsuitable for Navy use. Many candidate devices are

not the most portable or cesffective solution for the Navy. Further innovation is needed to reduce

acquisition costand produce a viable product for the Navy.

PHASE |:Develop a concept for an improved device(s) for distance measurement during UNREPs and
communications that meets the requirements above. Demonstrate the feasibility of the concept in meeting
Navy needsand establish that the concept can be developed into a useful product for the Navy. Feasibility
of the distance measuring device will be established via computer modeling. The communications device
will need to meet shipboard communication requirements.Pirase | Option, if exercised, will include

the initial design specifications and capabilities description to build a prototype solution in Phase II.

PHASE Il:Based on the results of Phase | and the Phase Il Statement of Work (SOW), develop and
delivera prototype distance measurement system and communications device for evaluation. The
prototype(s) will be evaluated to determine capability in meeting the performance goals defined in the
Phase Il SOW. Product performance will be demonstrated througltypetevaluation, modeling, and
demonstration over the required range of parameters. An extended test in a maritime environment will be
used to refine the prototypes into a design that will meet Navy requirements. Prepare a Phase |l
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manufacturing and delagpment plan to transition the distance measuring system and communications
device to Navy use.

PHASE 1l DUAL USE APPLICATIONS:Support the Navy in transitioning the improved distance
measuring system and communications device to Navy use. Develofatimtamaintenance, and
operations manuals for the distance measuring device to support transition to the fleet.

There is a need in commercial applications for distance measuring devices that are accurate in inimical
conditions. Notable examples inclusiech varied fields as mining and autonomous cars.

REFERENCES:
1. Ryde, Julian, and Hillier, Nick. “Performance
Environment al Conditions.” Cite Seer X. 20009.

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.722.5008&rep=repl&type=pdf

2. Castro, Mar cos, an-b-R&arsensing Rediindanay forResilient Las er
Perception in Adverse Environment aTech@tgydi ti ons
November 10, 2021. https://eprints.qut.edu.au/67609/15/CASIFA-2012.pdf
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N231-042 TITLE: Pressurelolerant ElectronicalhSteered Antennas (ESASs) for Satellite
Communications on Unmanned Undersea Vehicles (UUV)

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)integrated Network Systents-Systems;
Integrated Sensing and Cyber

OBJECTIVE:Develop pressurtlerant electronicalksteered antennas (ESAS) to enable ligta rate
communications on Unmanned Undersea Vehicles (UUVs).

DESCRIPTION:The Navy is looking to pressutelerant ESAs for use on UUVs to facilitate the sending
and receiving of large data sets in far forward and -apeter locations. The commercial rkat lacks

steerable antennas appropriate for UUV integration. Breakthrough advances in silicon technologies in
recent years have enabled a significant increase in capability of ESAs, such as but not limited to, phased
array antennas, while petement cas have also been greatly reduced. The Navy looks to leverage these
recent advances to develop presdoterant ESAs for UUVs. The closest commercial equivalents would
be planar phased arrays used in terrestrial applications. Such arrays are notfeuithihié applications
targeted by the Navy, as they are not able to withstand hydrostatic pressures. Other Navy Satellite
Communications (SATCOM) applications use mechanically pointed gimballed dish antennas, but dish
antennas must be housed inladicked adomes to withstand hydrostatic pressure, and they occupy a large
volume on the target platform.

Maximizing aperture area, while making a mechanically robust ESA, will be challenging, posing unique
mechanical and electrical design constraints. Additlgntde ESA must have as large an antenna

aperture area as possible, which drives designs with minimum mechanical structure. The ESA must also
provide high radio frequency (RF) performance coupled with electronic steering capabilities to track fast
movingProliferated Low Earth Orbit (PLEO) satellites as they pass in/out of view. In addition to enabling
transfer of large data sets, PLEO Data links will enable use of High Assurance Internet Protocol
Encryptor (HAIPE) network devices, enabling encrypted liaks.

Current commercial UUV transmit/receive antennas project-ainectional RF energy in all directions,
whereas ESAs are generally limited to larger manned platforms such as surface vessels and aircratft.
Development of pressuttelerant ESAs compitle with size, weight, and power (SWaP) constraints of
UUVs is challenging. The available SWaP within UUVs varies greatly by class and design, but rough
order of magnitude (ROM) allowances are provided in the table below. It is noted that the valiges in th
table are provided for guidance orlyhey are not to be considered formalized requirements against
which the proposals will be adjudicated. Additionally, it is noted that these ESAs are primarily targeted
for large and extrdarge UUVSs, but will alsde considered for medium UUVs, if sufficient RF
performance can be achieved within the SWaP constraints listed.

Pressurelolerant ElectronicalhSteered Antennas (ESAS)

for Satellite Communications on Unmanned Undersea Vehicles (UUV)

UUV Class Medium Large Extra-Large
216 irt 1728 it 5832 irt
ROMVolume | - "g's" | (126 ¢ (180 c
ROM ‘g’i‘f'ght N1 5bs 64 Ibs 216 Ibs
ROM Operating
Power (W) 250 W 350 W 500 W
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ROM Standby

Power (W) 5W 10w 20W
ROM Seawater

Pressure 870 1,000 1,000
Tolerance (psig)

These SWaP challenges are exacerbated by the requirement to withstand large hydrostatic pressures
experienced during UUV missions. Larger surface areas are required to get the desired RF performance,
so a primechallenge is optimizing the ESA to fit within the existing UUV platforms. Another challenge is
the pointing of the beam: it is desirable to support multiple simultaneous links across the full band, with
beam steering accomplished through a fully setak design. If this (full soliéstate beam pointing) is
not achievable, then pointing can be achieved with minimal mechanical steering. The desired RF
performance attributes include:

a) Tunable across-533 GHz frequency range

b) G/T of at least 10 dB/K iKu and K bands

c) EIRP of at least 36 dBW gain in 25 GHz freq range and 38 to 43 dBW in Ka Band

d) Ability to receive GPS (L1, L2, L5)

In addition to RF performance, proposers should include the pointing method of the resultant beam(s), the
contolof t he beam’'s side | obes, and the main | obe wi
cooling (SWaPC) associated with the solution. Proposers should also highlight the novelty of their

approach.

The technical merit of the proposed solutions will be evaluated on factors including:
1. G/T and EIRP over the-533 GHZ frequency range
2. Ability to support multiple simultaneous links across the full bar83(&Hz) to include
multiple Low Earth Orbi(LEO)/Medium Earth Orbit (MEO) constellations

. Estimated unit cost per ESA

4, Maximum volume and maximum aperture dimension

5. Estimated weight of the system

6. Beam steering methodology: solid state or minimal mechanical steering

7

8

P

w

. Maximum power drawy the array when in use and during standby
. Suitability of array design to operate/survive over the variety of operational depths over which
EOQUSC UUVs operate

Work produced in Phase Il may become classified. Note: The prospective contractor{® &t

Owned and Operated with no Foreign Influence as defined by DOD 5280 .[Rational Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligesmeify Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set fortlbhy DCSA and NAVSEA in order to gain access to classified information pertaining to the
national defense of the United States and its allies; this will be an inherent requirement. The selected
company will be required to safeguard classified material |AYD [5220.22M during the advance

phases of this contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be

categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implementedising a corresponding set of security controls from National Institute of Standards and
Technology (NIST) Special Publication (SP) 888, and evaluated using assessment procedures from
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NIST SP 80863A and DoDspecific (KS) (Information Assurance Techdigaithority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&A) of the system. The Contractor

shall support the government's efforts to obtain
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) for DoD Information
Technology (IT), NIST SP 8863, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional Authorizing Official (FAO). The CGaator shall design the tool

to their proposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2/ by deliverng OQE and documentation to support assessment and

authorization package development.

Contractor Information Systems Security Requirements. The Contractor shall implement the security
requirements set forth in the clause entitted DFARS 25272041 2 , gudrding €owered Defense
I nformation and Cyber I ncident Reporting,”’
Special Publication 80Q71.

and Nal

PHASE |:Develop a concept for a directional acoustic transmitter that meets the requirements in the
Description. Establish feasibility by developing system diagrams, as well as CojulgdrDesign

(CAD) models that show the ESA concept and provide estimated weight and dimensions of the concept.
Feasibility will also be established by comptibassed shu | at i ons t hat show the ant
performance and pointing capabilities are suitable for the project needs. The Phase | Option, if exercised,

will include the initial design specifications and capabilities description to build a prototype solution in

Phase II.

PHASE Il:Based on the results of Phase | and the Phase Il Statement of Work (SOW), develop and
deliver a prototype system for-gitu (on water) testing and measurement/validation of the Phase |
performance attributes. Test the prototype sysfiegh,in a controlled laboratory environment, then in an
ornrwater environment, to determine its capability to meet all relevant performance metrics outlined in the
Phase Il SOW. Testing shall characterize the RF and beam pointing performance, cougitesl with
communication function required for closing links with various commercial SATCOM providers. The
ability to meet the hydrostatic pressure tolerance requirements shall be demonstrated by analysis or
testing. Demonstrate t hé bgheovirommentp (Bbostpry dneviiters per f o
to the Government and present the results in two separate test reports. Use the results to correct any
performance deficiencies and refine the prototype into -g@uction design that will meet Navy
requirments. Prepare a Phase IIl SOW to transition the technology to Navy use.

It is probable that the work under this effort will be classified under Phase 1l (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioning the technology to Navy use
and support further refinement and testing of the ESA functionality following successful prototype
development and demonstration. If successful, in addition @ biaplications, these ESAs could be

applied to other unmanned Navy assets including buoys, subsea nodes, and unmanned surface vehicles
(USVs). In addition to such DoD applications, these antennas could be used in commercial oil, gas, and
oceanographic seimg applications, where the exchange of large data sets is required.

REFERENCES:
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N231-043 TITLE: Extreme Cold Weather Resistant Gasket Material
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

OBJECTIVE:Develop an advanced, cold weather resistant gasket material capable of being used in a
ship s external gaskets.

DESCRIPTION.T he US N a-8lyClass dd3tivgrs utilize many elastomer seals and gaskets
throughout the ship with many exposed to the environment. As the Navy sails increasingly into Polar
regions, seals and gaskets are exposed to extreme cold weather |leadifayrttapee degradation and
premature seal failure resulting in a limited operating environment. Market research has not resulted in a
Navy approved material that can survive in the Arctic environment across the spectrum of required seals
and gaskets. A newotd weather resistant gasket is needed to replace the existing neoprene gaskets and
seals.

The development of a cold weather resistant gasket materials that meet the Navy need will require
innovation to overcome technical challenges. The gasket materglmeet the mechanical requirements

of the Navy to include sustained heavy loads and other forces associated with ship motion, exposure to
the harsh maritime environment, saltwater immersion, exposure to industrial chemicals, jet fuel, and fire
resistane. Additionally, the gasket material must have excellent performance with minimal loss of
mechanical properties at temperatures as I0¥8@%- while remaining a cogfffective solution for the

Navy.

Research into cold weather resistant gaskets hasfiddrgéveral materials that could potentially be

developed to meet the Navy’'s need. There are mat el

temperature resistance; however, none of these
set ofrequirements. Additional innovation is required to produce a viable product for the Navy.

PHASE |:Develop a concept for cold weather resistant gasket materials that meets the requirements
described above. Demonstrate the feasibility of the concept iting@éavy needs and establish that the
concept can be developed into a useful product for the Navy. Feasibility will be established by coupon
development and laboratory testing and demonstration of the manufacturability of the materials. The
Phase | Optionif exercised, will include the initial design specifications and capabilities description to
build a prototype solution in Phase II.

PHASE IlI:Based on the results of Phase | and the Phase Il Statement of Work (SOW), develop and
deliver prototype louvegaskets for evaluation. The prototypes will be evaluated to determine capability

in meeting the performance goals defined in the Phase || SOW. Product performance will be
demonstrated through prototype evaluation, modeling, analytical methods, and datioonster the

required range of parameters including numerous cycles of various compressive loads. An extended test
in a maritime environment will be used to refine the prototypes into a design that will meet Navy
requirements. Prepare a Phase Ill mactufing and development plan to transition the innovative new
gasket material for Navy use.

PHASE 1l DUAL USE APPLICATIONS:Support the Navy in transitioning the cold resistant elastomer
to Navy use. Develop installation and maintenance manuals foethgasket material to support
transition to the fleet.

Numerous potential private sector uses for cold weather resistant gaskets, with applications in the
commercial shipping industries, as well as Arctic construction. Other commercial applicatiods inclu
commercial research and cryogenics.
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N231-044 TITLE: DIGITAL ENGINEERING - Expeditionary Virtualized Training Unit for
Undersea WarfarBecision Support System (USWSS)

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)HumanMachinelnterfaces

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls thexport and import of defenselated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposegderform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Modernize Undersea Warfare Decision Support System (AIS8) training by leveraging
advances in virtualization and gamification.. Develop portakpeditionary unit that can deliver this
training throughout the Fleet.

DESCRIPTION:The AN/UYQ-100 USWDSS provides warfighters aboard carrier strike group (CSG)
platforms (CVN, CGs/DDGSs), Surveillance Towed Array Systems (SURTASS) ships, embarked
Destoyer Squadron Staffs, and key shore sites to collaboratively plan and execuBaiBmtrine

Warfare (ASW) missions. USWBSS contains applications for (1) environmental analysis, (2)

collaborative search planning, (3) force management, (4) a shared! fgictizee composed of networked
tactical decision aids, sensor tracks, and sensor metrics, (5) search execution measures of effectiveness,
(6) graphics storage and recall, and (7) ASW briefing support.

The Navy seeks to (1) improve training for USY8S, @) virtualize USWDSS to a) reduce operating
costs, b) minimize downtime, c) increase infrastructure agility, and d) enable faster provisioning of
updates across fielded USIBSS instantiations, and (3) develop an expeditionary unit that can host both
the virtualized core USWADSS program and integrated USWES training.

Despite the known power of integrated training, it has been prohibitive to develop integrated training that
can span the diversity of user experiences, from the global understanding rbguredCommander

Task Force (CTF) at Theater USW Operations Centers (TUSWOC) to the meteorological focus of Naval
Oceanographic Processing Facilities (NOPF) to thefsltipsed usage aboard individual combatants. But
advances in artificial intelligence @machine learning (Al/ML) are poised to both enable individualized
integrated training and power faster decisions for improved warfighting outcomes. The power of Al/ML
to achieve these outcomes are being piloted in medicine to increase the speed any attu

estimated $10 trillion spent globally on health care [Ref 2]. In 2019 the Harvard Business Review
estimated Al would add $13 trillion to the global economy over the next decade, guiding decisions on
everything from crop harvests to bank loanef[]. Combining the power of Al/ML approaches being
piloted in medical education with the power of Al/ML to guide decisions is anticipated to improve USW
DSS warfighting outcomes both by improving mission effectiveness at the theater level and re@ucing th
time to achieve mission goals. Improvements of at least 10% in both time to success and mission
effectiveness are desired.

A key enabler of AI/ML is agile development and software virtualization, which enables processes to

more efficiently access avalille processing power and data storage. The current-DS®/software is

developed using Development Security Operations (DevSecOps) pipelinesD8SW¢ designed to run

on the Navy's Consolidated Afl oat Net weonunkerosSnt er pr |
versions of CANES, inhibiting provisioning updates across the Fleet. Virtualizing-DS®/would
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allow infrastructure to be seen as simply a service, or Infrastructure as a Service (lIaaS), enabling
provisioning updates and associated trainingsca greater percentage of the UB@S installations
across the Fleet. The Navy seeks a solution that will enable-DS®/to become virtualized.

Finally, there exist instances where USY8S may be desired but there is not a CANE®&structure to

host USWDSS. The solution should enable an expeditionary processing infrastructure sufficient to host
the virtualized USWDSS and associated training. The infrastructure must achieve two outcomes. First,
the envisioned expeditionary iastructure will allow deployment of US\DSS to platforms or shore

sites that do not possess the CANES infrastructure on which-DS®/currently runs. Second, it will

afford older platforms actively tasked with ASW missions the opportunity to receive gtecapable
USW-DSS builds available even if the fielded version of CANES available is unable to accept the latest
USW-DSS updates. The integrated training capability will meet a 10% increase in mission effectiveness
and 10% reduction in time to mission s@ss across a range of simulated missions across varying
environments and stages of mission complexity. The solution may choose to focus on the element(s) of
integrated training and Al/ML decision support that provide the greatest performance improvements
relative to mission effectiveness and reduction in time to mission success. The minimum viable product
(MVP) required to achieve successful transition is a combination of a powerful integrated training
capability together with a credible virtualization ggsand expeditionary infrastructure architecture.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign Influence as defined by DOD 5280 .[Rational Industrial

Security Progam Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to aaduiraintain a secret

level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DCSA and NAVSEA in order to gain access to classified information pertaining to the
national defense of the Uad States and its allies; this will be an inherent requirement. The selected
company will be required to safeguard classified material IAW DoD 522@.88ring the advance

phases of this contract.

All DoD Information Systems (IS) and Platform Informatidechnology (PIT) systems will be
categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding set of security controls from National Institute of Standards and
Technology (NIST) Specid@ublication (SP) 8063, and evaluated using assessment procedures from
NIST SP 80663A and DoDBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&Aeaystem. The Contractor

shall support the government's efforts to obtain
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) for DoD Information
Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional Authorizing Official (FAO). The Contractor shall design the tool

to their proposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2M by delivering OQE and documentation to support assessment and

authorization package development.

Contractor Information Systems SedyiRequirements. The Contractor shall implement the security

requirements set forth in the clause entitted DFARS 25272041 2, *“ Saf eguarding Cover
I nformation and Cyber Incident Reporting,” and Nali
Special Publication 80Q71.
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PHASE I:Develop a concept for complex decision support system training within a virtualized software
baseline on portable processing hardware that could be carried by two people. Demonstrate the concept
meets the parametdrsthe Description. Feasibility will be shown through modeling and analysis on an
unclassified system. The Phase | Option, if exercised, will include the initial design specifications and
capabilities description to build a prototype solution in Phase Il

PHASE II: Develop and deliver a prototype USBSS system with Al/MEpowered integrated training

based on the results of Phase I. The prototype integrated training infrastructure will demonstrate it meets
the parameters in the Description. The Phaseotibpype will be hosted in a secure cloud environment to

be provided by the Navy and evaluated by Government subject matter experts to validate the
improvements achieved by the prototype.

It is probable that the work under this effort will dassified under Phase 1l (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioning the technology to Navy use.

The final product will be an integrated training capability that leverages AlI/ML to improssomis

effectiveness that enables virtualization of UB\SS and the integrated training capability within an

expeditionary computational infrastructure. Of the total envisioned Phase Il capability, the MVP required

to achieve successful transition is a cambon of a powerful integrated training capability together with

a credible virtualization design and expeditionary infrastructure architecture. Work with thed3SW

prime integrators to develop and produce the expeditionary units and perform anp8Sistallations

aboard CANES to which the company’'s technol ogy ap|
tasked with ASW mission execution.

Potential for dual use for monetary decision support, which is a $13 trillion market opportunity. The
medcal training use of the integrated training technology developed under this SBIR topic would be of
particular benefit to global health providers, where provision of virtualized and expeditionary units could
disproportionately benefit communities wheraltti@anal healthcare infrastructure is either damaged or
wholly lacking.

REFERENCES:

1. Fountaine, Tim, -Powalted“Buogbdi ngtibe: ATechnol o
challenge. Culture is.” Harvard B19®i¥/bnidisgs Revi e
the-ai-poweredorganization

2. Paranjape K, Schinkel M Nannan Panday R, Car

Intelligence Training in Medical Education,” J
https://mededu.jmir.org/2019/2/e16048
3. Navy Fact F4100&ndersedAWarfaseyD@cision Support System (IB®/S) . * U. S.

Navy Office of Information, 20 Sep 2021. https://www.navy.mil/Resourcesikes/Display
FactFiles/Article/2166791/anuytp0-undeseawarfaredecisionsupporisystemuswdss

KEYWORDS: Consolidated Afloat Network Enterprise Services (CANES); Infrastructure as a Service
(laaS); integrated training with a virtualized design; Artificial Intelligence (Al) in training; Undersea
Warfare Deision Support System (US\WSS); expeditionary unit
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N231-045 TITLE: Multi-Spectral, MuliSensor Image Fusion
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology within this topic is restricted under the International Traff\crits Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controlsuial use items. Offerors must disclose any proposed use of foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance evAntiouncement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop video image fusion processing algorithms that produce a video stream with
guality exceeding that produced by individual sensors operating separately in different visible and
infrared bands.

DESCRIPTION:Electrooptic and infrared (EO/IR) video imaging sensors (cameras) are widely used for
situational awareness, surveillancedaargeting. The Navy is deploying such cameras in multiple

spectral bands and in differing formats to cover everything from narrow field of view (NFOV) up to very

wide field of view (WFOV). Multiple spectral bands are useful because different bandzafople the

near infrared (NIR) andthemidsave i nfrared (MWI R) bands, “see” ta
different lighting and environmental conditions. While each camera has its own strengths and

weaknesses, taken collectively and properlgripiteted, the combined video data can reveal far more than

any single imaging sensor can individually. Consequently, the camera systems are integrated to provide
coordinated and optimized coverage to meet the various mission requirements.

The effectivenss of the combined imaging sensor system depends on how well the copious amount of
video image data that the various cameras produce is processed and evaluated in real time, either by
human operators or by automated methods. Even with the most judicéoasdisoordination of these

sensors, the amount of video image data produced is far in excess of what a single human operator can
absorb and process. Automated aids can considerably reduce the burden on the human operator. However,
there are still many siaitions where there is no substitute for a clear picture delivered in real time without
need of the operator flipping between bands and between NFOV and WFOV cameras to assimilate the
best view. Efficient algorithms for fusing imagery taken across multipielengths bands in the highly
complex maritime environment simply do not exist. While available technologies address some aspects of
the problem, for example automated image interpretation (facial recognition, crop monitoring with

satellite imagery, etl, no commercial application approaches the requirements fetimeglmulti

spectral, multisensor, image fusion presented by modern naval operations.

The Navy needs an innovative video image fusion technology, realized and demonstrated as a coherent
set of image processing algorithms, that ingests imagery from multiple sensors operating in different
bands to produce an output video stream that exceeds the quality of the imagery obtained from any of the
individual sensors taken separately. At a minimthe content captured by each sensor should be
aggregated in the output video without loss of detail or resolution. However, the goal is to produce output
that exceeds the quality (resolution, contract, noise, etc.) of the individual sensors. Thatiibnadghat
selectively combine and “blend” regions of i mage
minimum acceptable solution. Algorithms that smartly fuse video image data to reduce clutter, improve
target resolution, increase apparemayic range, mitigate the effects of adverse environmental

conditions, reveal additional target information, and improve the capture of dim, fast moving targets (for
example, targets travelling at mach 3 at the resolution limit of the sensor) are aflpaitierest.
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It should be assumed that the fused video stream will be viewed directly by weapon system operators as
well as further processed through additional image processing systems. Therefore, the solution should be
optimized with both purposes imind and the resulting fused video output be available in real time. Of
particular interest is whether the fused video aids or inhibits the performance of automatic target
detection, tracking, recognition, and identification algorithms. While the gohisoéffort is not to

develop detection, tracking, recognition, and identification algorithms, the solution must be compatible
with these functions. Therefore, the solution should clearly show that the fused video will enhance these
functions or clearly she that these functions must be applied prior to fusion of the input video streams to
be effective. In order to deploy to a tactical system, the solution must be computationally efficient and the
processor load presented by the algorithms is a key medtionist be addressed, minimized, and

verified in demonstration of the solution. In addition, the technology should be fundamentally extensible
to multiple sensors operating across the visible to long wave IR band.

The goal is to fuse imagery frosensors that have overlapping fields of view. The goal is not to stitch the
output of sensors with adjacent fields of view. Solutions should not assume that the input video is

identical in FOV, resolution, dynamic range, or frame rate. Furthermore, figphee between the

sensors should not be assumed synchronous. However, solutions should anticipate that sufficient video
metadata is available from each sensor to align the video inputs temporally and, to a high degree,
spatially. The solution should beragstic to sensor format, frame rate, resolution, etc., and accept non
compressed Class 0 motion imagery as well as compressed inputs. Imagery and metadata input will be
compliant with (and therefore the solution must be compliant with)-$MD-2500C Natioal Imagery
Transmission Format Standard, Motion Imagery Standards Profile (MISP), Motion Imagery Standards
Board (MISB) Standard (ST) 1606, MISB ST 1608, MISB ST 1801, MISB ST 0902, and MISB ST 1402.

At a minimum, the solution should be demonstrated on video generated from a minimum of two sensors
operating in different bands. The bands, formats, and native resolutions chosen are at the discretion of the
proposer. Demonstration need not include opematiith actual sensors. Demonstration with collected

data is acceptable. However, the Government will not provide collected data during development of the
solution. The Government will also not provide tactical or developmental hardware during theoeffort s

the solution should include the means of demonstrating the fusion algorithms on surrogate processors and
displays.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign liefhce as defined by DOD 5220-BR National Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Sagrity Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DSS and NAVSEA in order to gain acceskssified information pertaining to the

national defense of the United States and its allies; this will be an inherent requirement. The selected
company will be required to safeguard classified material IAW DoD 522@.88ring the advance

phases of thisantract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding set of security corftts National Institute of Standards and
Technology (NIST) Special Publication (SP) 888 and evaluated using assessment procedures from
NIST SP 80663A and DoDBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Cantractor shall support the Assessment and Authorization (A&A) of the system. The Contractor
shall support the government's efforts to obtai
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DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Rremie(RMF) for DoD Information
Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the
NAVSEA Echelon Il and the Functional Authorizing Official (FAO). The Contractor shall design the tool
to their proposed RMF SectyiControls necessary to obtain A&A. The Contractor shall provide
technical support and design material for RMF assessment and authorization in accordance with
NAVSEA Instruction 9400.2M by delivering OQE and documentation to support assessment and
authorzation package development.

Contractor Information Systems Security Requirements. The Contractor shall implement the security
requirements set forth in the clause entitted DFARS 25272041 2, “ Saf eguar ding Cover
Information and Cyber IncidentetRp or t i ng, ” and Nati onal I nstitute of
Special Publication 80Q71.

PHASE I.Develop a concept for a video fusion system that meets the objectives stated in the Description.
Demonstrate the feasibility of the conceptinnegti t he Navy’' s need. Analyze t
guality and predict the benefits to target detection, tracking, and identification. Feasibility shall be
demonstrated by a combination of analysis, modeling, and simulation. The Phase | Option, if exercised,

will include the initial design specifications and capabilities description to build a prototype solution in

Phase II.

PHASE Il: Develop and demonstrate a prototype sensor fusion system (suite of coded algorithms) based
on the concept, analysis, architeet, and specifications resulting from Phase |I. Demonstration of the
multi-spectral, multisensor fusion system shall be accomplished through test of a prototype in a
laboratory environment using rei@ine or collected imagery data. At the conclusion adg@hll, prototype
software shall be delivered to NSWC Crane along with complete test data, sample image files (both input
and output), installation and operation instructions, and any auxiliary software and special hardware
necessary to run the prototype.

It is probable that the work under this effort will be classified under Phase 1l (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioning the technology for
Government use. Develop tactical code spedifislavy sensor systems, processing hardware, and

existing software interfaces. Establish software configuration baselines, produce support documentation,
and assist the Government in the integration of the rapéctral, multisensor fusion algorithms into

existing and future imaging sensor systems.

The technology resulting from this effort is anticipated to have broad military application. In addition,
there are law enforcement and security applications. Scientific applications ipohwassing of satellite
and aerial imagery, medical imagery, and imaging of natural events such as complex weather phenomena.

REFERENCES:
1. Li, Jinjiang, et al. "Multispectral image fusion using fractieaeder differential and guided
filtering." IEEE Phobnics Journal 11 6 Dec. 2019: 19 pages.
https://lieeexplore.ieee.org/document/8848440
2. Han, Xiyu, et al. "An adaptivetws c al e i mage fusion of wvisible an
Access 7 (2019): 563436352. https://ieeexplore.ieee.org/document/8698903

KEYWORDS:Video Imaging; Imaging Sensors; Image Fusion; Image Processing; Automatic Target
Detection; Target Resolution.
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N231-046 TITLE: Revolutionized Undersea Training Target Motors
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

The technology within this topic is restricted under the Internatibradfic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, whichcontrols dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in acumedeith the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Modernize, innovate, and improve the efficiency of the MEX®pendable Mobile Ani
Submarine Warfare (ASW) Training Target (EMATT) motor that leverages the advancements in printed
circuit board (PCB) stators, as well as the reduction in space, noise, and weight of the motor enabling
additional capabilities of theNEATT.

DESCRIPTION-The MK39 EMATT is the US Navy's |l ow cost,
simulates the acoustic and dynamic characteristics of submarines and is used as a versatile alternative to

real submarines for training US Navy Fleetsomagrer at or s. The EMATT i s an ‘' A’
diameter vehicle that fits into a Sonobuoy Launch Container (SLC), is 3 feet long, and weighs 21 Ibs. It is
powered by a Li SO2 battery pack that generates 40 volts for the operation of the electronicarsystem

brushless direct current motor. Together, the battery and motor propel the EMATT for programmed

speeds of 3 to 12 knots. The motor design requires a RPM of 4050, with at least a torque eh1.15 N

Test point efficiency is required to be greater tB@#o. Overall, the weight of the motor is not to exceed

2 pounds or a length of 2.5 inches. Currently, the system lacks the capability to emulate tactically realistic
dynamic maneuvers of submarines for effective ASW training. This topic seeks to irtheeaffeciency

of the current generation motor over a range of speeds, thus conserving energy, improving cooling,

reducing weight, and minimizing acoustic noise. The motor technology to be explored is the

technologically challenging goal of this SBIR tapidternatively, current commercial applications for
oceanography profiling, water sampling and other underwater data collection applications utilizing

brushed and brushless DC motor designs can benefit from research and development in this field.
Improvedpropulsion efficiency, increased payload capacity, and prolonged endurance is desirable for

these applications.

Production cost of the new motor is expected to be less than $1,250, which is equivalent in cost of the
existing motor. Post Phase I, the tadl be equivalent to the current MK39 MOD 3 EMATT but yield
greater than a 5% increase in energy efficiency leading to a 5% reduction in EMATT procurement cost
(greater than a $375K reduction per year) for the same amount of training time. Oncethmven,
technology may have reach into other UUV programs and also contribute to improved EMATT emulation
of subs with a higher sprint speed.

PHASE |:Develop the concept for candidate motor technologies that meet the requirements as discussed
inthetopicOpbecti ve and Description. Determine the feasi
vehicles that may be readily integrated and not impact the hydrodynamic performance or acoustic mission

of the existing MK39 Mod 3 design through modeling and simulaBatermine technical feasibility of

mot or technologies that meet the Navy’s needs. De
developed into a useful product, improving the Mk39 EMATT for the Navy. The Phase | Option, if

exercised, will includehe initial concept design specifications and capabilities description to build a

prototype solution in Phase II.
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PHASE II:Based on the results of Phase | concept develop, and deliver a prototype for validation as
appropriate. The prototype will be evatad to determine its capability in meeting the initial design
specifications and the Navy requirements for increased endurance and higher sprint speeds to better
emulate threat submarines and create more effective ASW training. System performance will be
demonstrated through prototype evaluation using modeling, simulation, and/or analytical methods over
the required range of parameters. Evaluation results will be used to refine the prototype into an initial
design that will meet Navy requirements. The piyxte should be delivered at the end of Phase Il, ready
to be flown and tested by the government. A quantity of 10 prototype motors are to be provided to the
Government for testing by the end of Phase II.

PHASE Il DUAL USE APPLICATIONS:Support the Navyn transitioning the technology for Navy

use. Support the Navy during-Water testing and validation of the delivered prototypes in an
operationally relevant environment. Integrated Phase Il prototype motors will be incorporated into the
MK39 EMATT and inPMS 404, ASW Training Targets.

The MK39 EMATT with an improved propulsion system would improve its suitability for numerous
commercial applications, including oceanography profiling, water sampling, and other underwater data
collection applications. Thienproved propulsion efficiency could provide enhanced endurance at slower
speeds, which is very desirable for these data collection applications.

REFERENCES:
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MK39 EMATT; ASW Targets; stable hydrodynamic spegaipulsor; efficient motor; Printed Circuit
Board, PCB stator
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N231-047 TITLE: Alternative Materials and Fabrication Processes for US Navy Propulsor
Shafting

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

The technology within this topic is restricted underltiternational Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts730-774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by théskM accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop lowcost nortraditional materials and repeatapieliable, efficient, and robust
manufacturing processes suitable for large, thick, waterborne propulsor shafting subjected to long
duration complex stress states.

DESCRIPTION:The primary application for this technology is to identify, investigate ohestnate, and
validate nortraditional, noametallic materials and associated manufacturing technology for the
fabrication of submarine propulsor shafting to address design demand signals in support of future
submarine platform development. Such materizy include, but are not limited to, carbon fiber
reinforced polymer and glass fiber reinforced polymer. Such manufacturing processes may include, but
are not limited to, wet filament winding, towpreg winding, and dry fiber infusion.

Traditional metallic submarine propulsor shafts are at the limit of their capability due to weight and
industrial base. While nemetallic propulsor shafting is alreadygervice in the surface ship fleet

(Littoral Combat Ship), the current scale/sizengufficient for meeting targeted performance metrics of
both current (e.g., Virgini€lass) and future (e.g., SSNX) submarine platforms. The technology
introduced by the effort described herein will facilitate increased usage -@fathtional materialén US

Navy propulsor shafting to enable broadened design trade space and arrangement options for existing
propulsor components (e.g., shlifie light-weighting, increased propulsor weight, increased payload,
etc.), improved performance (e.g., increasedque capacity), improved fatigue life (i.e., may be possible
to design for life of ship or reduced frequency of shaft changs), and decreased lifecycle/maintenance
cost (i.e., improved corrosion performance reduces need for refurbishment/repair).

The proposed research will investigate alternative materials and efficient fabrication processes that
produce repeatable, reliable, and robust large, thick, cylindrical structures capable of interfacing with
existing metallic structure and providing, anamimum, equivalent performance relative to legacy
submarine propulsor shafting. Material(s) and fabrication process(es) proposed in support of this effort
will be demonstrated and verified at full scale to provide adequate structural properties and
charateristics, efficient, robust and repeatable processes, and appropriate quality assurance. Material and
fabrication process evaluation, selection, and demonstration will include a combination of coupon, sub
element, and prototype design, fabrication, astrig. A key challenge will be understanding the effect

of scaling from coupons to full scale articles on material properties and material quality. Structural design
calculations and numerical analysis (where applicable) may be used in support of dgsign an
development.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign Influence as defined by DOD 5280 [Rational Industrial
Security Program Operating Manual, unless aiad#p mitigating procedures can and have been
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implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level faciity and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DSS and NAVSEA in order to gain access to classified information pertaining to the
national defense of the United States and its allies; thideihn inherent requirement. The selected
company will be required to safeguard classified material IAW DoD 522@.88ring the advance

phases of this contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding set of security controls from National Institute of Standards and
Technology (NIST) Special Publication (SP) 888, and evaluad using assessment procedures from
NIST SP 80663A and DoDBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&A) of the system. The Contractor
shallsupprt t he Government’'s efforts to obtain an Aut |
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) for DoD Information
Technology (IT), NIST SP 80863, NAVSEA 9400.2M (October 2016), and Isiness rules set by the

NAVSEA Echelon Il and the Functional Authorizing Official (FAO). The Contractor shall design the tool

to their proposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design matefia RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2M by delivering OQE and documentation to support assessment and

authorization package development.

Contractor Information Systems Security Requirements. The Contraclidngbleament the security

requirements set forth in the clause entitted DFARS 25272041 2, “ Saf eguar ding Cover
I nformation and Cyber Incident Reporting,” and Nali
Special Publication 80Q71.

PHASE I: Identify suitable candidate material systems, an associated manufacturing approach, and
conceptual design of a representative sliladtcylindrical structure of sufficient fidelity to serve as a

basis for preliminary structural analyses. Perforrtiahfeasibility demonstration of fabrication efficiency

and structural performance via a series of static and fatigue coupon tests using selected materials and
corresponding fabrication processes. Two areas of focus will be understanding how coupdiepermer
guality relate to full scale material, and on exercising/refining existing and/or developing new test
methods suitable for accurate and representative characterization of cylindrical structures. It is expected
that coupons will be of sufficientz to support characterization of matetelel response and

interrogation of relevant composite material failure modes.

The Phase | Option, if exercised, will include the definition, development, and documentation of a
proposed nometallic shaft desigrincluding an approach for structural validation testing, to be further
developed in Phase Il.

PHASE Il: Develop a plan for, execute selected fabrication on, and conduct initial testing in support of a
building block test program for the proposed matesyatem and corresponding manufacturing process to
develop innovative propulsor shafting. The building block test program should include the generation of
needed material property information in support of design and analyses, to include elastic ¢onstants
strengths, and fatigue data. The proposed material system and manufacturing process may be verified via
fabrication and subsequent testing of representative curved and/or cylindrical test articles, to be defined
by the contractor, subjected to static &ijue testing. It is recommended that data generated be
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compared to legacy information, if applicable/available, to verify structural adequacy. Refine preliminary
shaft design, proposed structural validation approach, and corresponding documentatapedawnder
Phase | Option.

Work with NAVSEA to identify structural requirements in support of shaft design.

It is probable that the work under this effort will be classified under Phase 1l (see Description section for
details).

PHASE Il DUAL USE APR.ICATIONS: Work with the Navy to transition the technology for Navy use
and mature the proposed technologies for transition to platform application, including use on the SSN(X)
platform. Validate the proposed materials and corresponding manufacturingappia definition and
development of a fulscale article to be subjected to a combination ofaesiructive and destructive
inspection in support of quality assurance verification. Validate the proposed design via mechanical
testing of scale article(s)pcluding longterm, highcycle, fatigue verification testing, for which

governing load conditions of interest will be provided by NAVSEA. Validation of the proposed design
and manufacturing approach should include definition and exercising of critgsghdietails under high

cycle fatigue loading.

Technology developed under this effort is directly applicable to other US maritime Navy applications,
including large, unmanned, despa submersibles, which offer the ability to enhance mission operability
while minimizing risk to fleet personnel. In addition, technology developed under this effort is not
relegated to US maritime Navy use and is applicable to commercial (aridefense US Government
sectors) use of composites in similar applications. Whaeechnology for designing and fabricating
composite cylindrical structures currently exists both in the defense and commercial markets, the ability
to fabricate higkguality, largediameter, thickwalled, cylindrical structures to be subjected to kigble
complex stress states with consistency and repeatability while maintaining both fiscal and schedule
efficiency is currently lacking. Nedefense and/or commercial applications that may benefit from the
developed technology may include wind energykebenotor casings, oil and gas piping, and
submersibles targeting despa scientific exploration.
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N231-048 TITLE: Signal Processing for Underwater Explosion Detection and Localization
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology withithis topic is restricted under the International Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administr&egulation (EAR), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks itended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop innovative ginal processing techniques for use with existing 1gbrart baseline
(USBL) arrays to supplement current detection and location estimation techniques of underwater
explosions.

DESCRIPTION:In Mine countermeasure (MCM) operations, neutralizers contamnegatively small

amount of explosives are deployed against naval mines. The neutralizers approach the target and are
detonated, which can cause a sympathetic detonation or lower order reaction in the naval mine. Current
operations require a follown mission to detect and localize the detonation. Innovative signal processing
algorithms could provide the location of this detonation by correlating the last known neutralizer location
and the expected target location. This additional confirmation would efiethe need for time

consuming followon missions. Utilizing existing hardware, especially equipment already located in the
operation area, such as communications buoys, would allow this capability to be integrated into the fleet
with minimal impacts.

The Navy is seeking to develop innovative signal processing algorithms to utilize acoustic data collected
by an array of transducers with an USBL. The company will develop signal processing algorithms and a
low-power processor board to host and run thegesiog algorithms. The processor board is required

have a form factor capable of fitting within arsfzed sonobuoy diameter, with a height not to exceed 2.5
inches. An initial desire is to not exceed plus or minus 250 yards range accuracy, and nqtlasased

minus 5 degrees bearing accuracy.

Initial testing will occur on the processor board to determine power consumption. Analysis will be

performed to show how this additional power consumption would affect the system. An initial desire is to

not exced 35 W electrical power consumption, with a further desire of reducing that even lower. Testing

for the algorithms and processor board wild.l cul mi i
estimate the location at which an underwater explosionroed. This test will be planned to occur during

live fire or underwater explosion testing. Previously recorded data may be utilized for this assessment in

the event that no such opportunity occurs. Additionally, the signal processing algorithms wskksseds

for their ability to distinguish between the neutralizer explosion and the resulting reaction from the naval

mine.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreigifiuence as defined by DOD 522082, National Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defen®g Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DCSA and NAVSEA in order to gain asdesclassified information pertaining to the
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national defense of the United States and its allies; this will be an inherent requirement. The selected
company will be required to safeguard classified material IAW DoD 5224.88ring the advance
phases othis contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding setaxturity controls from National Institute of Standards and
Technology (NIST) Special Publication (SP) 888, and evaluated using assessment procedures from
NIST SP 80663A and DoDBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&A) of the system. The Contractor

shall support the government's efforts to obtain i
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Rilanagement Framework (RMF) for DoD Information

Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional Authorizing Official (FAQO). The Contractor shall design the tool

to their poposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2M by delivering OQE and documentation to supporésssient and

authorization package development.

Contractor Information Systems Security Requirements. The Contractor shall implement the security
requirements set forth in the clause entitted DFARS 25272041 2, “ Saf eguar ding Cover
Infformationadl Cy ber I ncident Reporting,” and National I
Special Publication 80Q71.

PHASE I:Develop a concept for the signal processing algorithms and-pdewgr processor board that

meets the requirements in the Desadoipt Establish feasibility by developing system diagrams as well as
ComputerAided Design (CAD) models that show the concept and provide estimated weight and
dimensions and computera s ed si mul ati ons that show the system’
project needs. The ability to distinguish between the neutralizer detonation and a sympathetic detonation

of the mine will also be assessed in this Phase | effort. Any limitations of the program of record USBL

arrays to distinguish between these evenlish@idocumented in the Phase | effort. The Phase | Option, if
exercised, will include the initial design specifications and capabilities description to build a prototype

solution in Phase II.

PHASE Il:Based on the results of Phase | and the Phasetéingtat of Work (SOW), develop and
deliver a prototype system for-imater testing and measurement/validation of the Phase | performance
attributes. Test the prototype system, first in a controlled laboratory environment, then-imadarin
(saltwater) enivonment, to determine its capability to meet all relevant performance metrics outlined
above and in the Phase Il SOW. This test will be planned to occur during live fire or underwater
explosion testing. Prepare a Phase Ill SOW that will outline how thaadogy will be transitioned for
Navy use.

Provide, as part of the Phase Il final report, a recommendation regarding how the product could be
integrated into current programs of record. Provide an initial assessment of the space and power required
for this integration.

It is probable that the work under this effort will be classified under Phase Il (see Description section for
details).
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PHASE 1l DUAL USE APPLICATIONS:Provide technical support for the incorporation of the signal
processing algorithms and transition them for Navy use. If feasible, these algorithms may be incorporated
onto existing processors onboard naval programs of record or their processor boarconpayate into

the system. If incorporated into the system, the board would be required to meet all applicable system
performance specification requirements of the program of record.

There is the potential to utilize the products developed under tors iefcommercial applications for the
monitoring of commercial fisheries, oceanic research, and the oil and gas industries.

REFERENCES:
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3. Salomons, E.M., Binnerts, B., Betke, K., and von BeBdac k ma n n , A. M. “Noi se o
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N231-049 TITLE: DIGITAL ENGINEERING - Atrtificial Intelligence/Machine Learning Video
Processing and Packaging

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of defenskated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any ggdpse of foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreignti@nals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop an automated tool to identify video images of interest using Artificial
Intelligence/Machine Learning (AlI/ML) to be sdntwarfighters in real time.

DESCRIPTIONToday’' s military camera systems can col | ec!
copious amounts of data do not translate into actionable information because the video data is not

analyzed until long after ¢k collection has occurred. This problem is exacerbated for video collected

from planes and helicopters, where weight and manning restrictions significantly reduce the amount of

display space and human attention that can be devoted to video imagertimae@his problem is

particularly severe for maritime patrol and reconnaissance aircraft and maritime helicopters, where the
proliferation of other sensor types reduces the emphasis etinmealideo analysis. There are no known

capabilities to solve th situation.

The Navy is seeking an automated tool to identify significant snippets of video data and package these
snippets into minimized data packages using Al/ML so they can be transmitted to dekens in real
time. This video curation anddeo compression can significantly improve situational awareness during
tactical operations.

Advancement in deriving understanding from raw video has made great strides in areas such as facial
recognition and the derivation of information from video oi#d from seHdriving vehicles. However,

there has been less advancement in automated recognition of important anomalies in maritime video
collected from aircraft.

The technology sought would initially flag potentially important video snippets to gedriay a sensor
operator aboard the aircraft but would mature over time to reduce the number of useless video snippets
for each important video segment. As the concept of operations associated with the envisioned Al/ML
curation of tactically significant dieo is still uncertain, the exact requirements to be levied on the
technology sought by this topic cannot yet be determined. However, it should be presumed that the
operator aboard the aircraft would not be able to devote more the 5 minutes per hadationalf

Al/ML -curated snippets.

The Tactical Common Data Link (TCDL) used by maritime aircraft is capable of greater bandwidth than
prior tactical data link networks, such as Link 16. However, curating important snippets is not sufficient if
the size bthe resulting video cut is too large to pass in real time. Therefore, a complementary innovation
in compression and packaging of the video is required to minimize the size of the data transmitted while
retaining the original resolution.
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Thecombination of higkgualify Al/ML curation of maritime video with minimal snippet size at required
video quality will provide Theater Undersea Warfare (TUSW) decision makers accessing the Networked
Architecture for Undersea Theater Integrated C2 Advar(tdg& TICA) system of systems and

particularly the AN/UYQ100 Undersea Warfare Decision Support System (L[EVY®) access to a

wealth of crucial video information they often do not see until hours after the information has become of
little importance.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign Influence as defined by DOD 5280 [Rational Industrial

Security Program Operating Manual, unless acceptable mitigating presedun and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel SeciyriClearances, in order to perform on advanced phases of this contract
as set forth by DSS and NAVSEA in order to gain access to classified information pertaining to the
national defense of the United States and its allies; this will be an inherent mentird he selected

company will be required to safeguard classified material IAW DoD 522@.88ring the advance

phases of this contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordanegth Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding set of security controls from National Institute of Standards and
Technology (NIST) Special Publication (SP) 888 and evaluated using assessmerntqaores from

NIST SP 80663A and DoDBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&A) of the system. The Contractor
shall support drtbteobio anduthonaaiontto Operatef(ATO) in accordance with
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) for DoD Information
Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the
NAVSEA Echelon Il and the Functional Authorizing Official (FAQO). The Contractor shall design the tool
to their proposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide
technical support and design material for RMF assessmeiiLdimorization in accordance with

NAVSEA Instruction 9400.2V by delivering OQE and documentation to support assessment and
authorization package development.

Contractor Information Systems Security Requirements. The Contractor shall implement thg securit
requirements set forth in the clause entitted DFARS 25272041 2, “ Saf eguar ding Cover
I nformation and Cyber Incident Reporting,” and Nali
Special Publication 80Q71.

PHASE I.Develop a concegbr using Al/ML to curate maritime video and compress the curated video
snippets for timely transmission (within minutes). Demonstrate that the concept meets key attributes as
discussed in the Description Feasibility will be demonstrated through modebmglysis. The Phase |
Option, if exercised, will include the initial design specifications and capabilities description to build a
prototype solution in Phase II.

PHASE II: Develop and deliver a prototype video processing and packaging system thatmeets
parameters in the Description from the concept developed in Phase |. The prototype system will be
trained using trothed video recordings from a range of significant and representative TUSW exercises and
tested using trothed video recordings from TU8X¥rcises and operations other than the video used for
training.
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It is possible that the work under this effort will be classified under Phase Il (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioningé technology to Navy use.
Work with Navy subject matter experts to determine the range of acceptable validation by sailors aboard
the aircraft and required image quality as a function of visual conditions. In the event the Navy
determines that the techogies are appropriate for incorporation into video systems for maritime

aircraft, the Navy will work with the company and the prime for the maritime video systems to refine
system requirements and either levy the improved requirement on prime contremdosy video

systems or will purchase expeditionary prototypes and low rate initial production (LRIP) units from the
company.

Potential dual use of the maritime video curation and packaging could be for search and rescue associated
with losses over laggbodies of water. The technology could also be deemed appropriate for curation of
other sensor collections over vast areas (radar, |
innovative technologies.
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N231-050 TITLE: Autonomous Crane System for Payload Motion Control
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

OBJECTIVE:Develop technology to eliminate or greatly reduce the need for tag line handlers when
transferring boats, craft, and other cargo loads.

DESCRIPTION:Crane lifting operations are inherently hazardous. Loads suspended from a single hook
store substantial pential energy and are not easily controlled when the crane is attached to the deck of a
ship that is moving in response to the wind and wave conditions at sea. In order to lift and maneuver large
cumbersome loads aboard ships, tag line handlers arecugeelent unsafe pendulation and unwanted
rotations. Tag line handlers are frequently exposed to hazards because the lines must be tended on a
moving deck, which can be wet from sea spray or rain, and be in close proximity to the moving payload.
The Navy seks the development of a cargo stabilization system to accommodate different load types in a
safe and timely manner without requiring assistance from tag line handlers. The desired solution will
operate effectively without a load on the hook and up toatesl Safe Working Load (SWL) of the crane.
Horizontal oriented loads such as boats as well as vertically oriented loads will be accommodated and
stabilized. The system shall be capable of accommodating 6 degree of freedom ship motions on an
ExpeditionaryFast Transport (EPF) in sea state 3 (as defined by NATO STANAG 4194) and must be
capable of performing a minimum of 5 lifts in less than an hour. Navy is seeking a system that can
stabilize the load for the entire duration of the time it is suspended.

The commercial industry approach to this challenge is to design special purpose lifting devices, which are
often designed in conjunction with the platform from which they will operate, to incorporate mechanisms

to isolate the lifting device from the platfommotion. The solution sought by the Navy is more general
purpose and must be applicable to existing crane installations and capable of lifting a variety of cargo
types. The solution sought by the Navy differs from commerciahafshelf approaches in tha should

be able to be implemented on existing cranes with reasonable modifications. If the crane is installed on a
vessel that launches and recovers watercraft with personnel aboard, then the system must comply with the
Personnel Lifting requirementsied in the ABS Guide for Certification of Lifting Appliances [Ref 3].

PHASE |:Develop a computer model concept for an autonomous cargo stabilization system. Navy is
seeking a system that can stabilize the load for the entire duration of the tisigsppénded. Feasibility
shall be demonstrated by a combination of analysis, modeling, and simulation. The Phase | Option, if
exercised, will include the initial design specifications and capabilities description to build a prototype
solution in Phase II.

PHASE II: Develop and deliver a detailed design of a-fgile stabilization system. Fabricate a
prototype scale working model of the stabilization system at no smaller than a 1/9th geometric scale.
Demonstrate the stabilization on an appropriately scatedel of an ISO standard tweHrtyot equivalent
(TEU) container, while being subjected to motions representative of a fully developeghidiglea state

3 on an Expeditionary Fast Transport (EPF).

PHASE Il DUAL USE APPLICATIONS:Support the Navy in trait®ning a full scale stabilization
system to Navy use through testing and further development to facilitate the adaptation of the technology
to Navy use in shipboard applications at sea state 3.

The use of stabilization system technology being sougttidoNavy to facilitate moving equipment and
cargo using cranes aboard ships had its start in private industry to improve both worker safety and to
reduce the time required operating cranes in order to construct multi story high rise buildings.
Constructim of offshore wind farms is another area where shipboard cranes and stabilization during
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lifting operations is required. This need is expected to grow significantly in the area of load management
on land and on the sea.

REFERENCES:

1. “ NATO STANAGdadizeddWave 8nd Wimd Environments and Shipboard Reporting
of Sea Conditions, 6 April 1983."
https://standards.globalspec.com/std/413107/STANAG%204194?msclkid=d412d457cfa911ec8a8
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2. " ASTM-S3DB5, Guide to Mobil e CirSadety ofMechamidah r ds . ”
Engineers work sponsored by ASME Safety Codes and Standards and the ASME Standards
Technology, LLC (ASME SALLC), December 21, 2012. https://www.asme.org/cedes
standards/fingcodesstandards/stga055-guide mobile-cranestandard®012/drmenabledpdf

3. “Guide for Certification of Lifting Appliances
https://lww2.eagle.org/content/dam/eagle/ridas
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Motion; Sea State; Tag Line Handlers

TPOG1: DavidLiese
Phone(202) 7812591
Email: david.l.liese.civ@us.navy.mil

TPOG2: FrankLeban
Phone(301) 2274698
Email: Frank.a.Leban.civ@us.navy.mil

NAVY - 163



VERSION 3

N231-051 TITLE: UnderwateDiver-Applied Composite Patch Repair for Crack Arresting
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

OBJECTIVE:Develop an underwater, divapplied, composite patch repair capability for crack arresting
that is applicable to multiple huthaterials and will be considered for longermanent repair or be
categorized as a temporary emergent repair.

DESCRIPTION:The superstructure of the Ticonderegass cruisers, which is composed of aluminum

(Al alloy 5456, has been determined to becspsible to cracking across its aluminum alloy. The Navy

recognized that this aluminum alloy will become sensitized at higher temperatures as a result of the heat
treatment processing received during the manufacturing process. As a result of this temsitizae

have been many issues with cracking in the aluminum. Sensitization refers to a harmful microstructure

that increases the corrosion susceptibility in Al 5XXX series alloys. Sensitized Al is observed in 5XXX

alloys that have magnesium contentsager than 3 percent weight content and operate at temperatures

reached by simple solar exposure. Conventional repairs for the Ticonadaegauperstructure must be

done in a “dry environment”. Furt her nmgtheaffectedhey i n
sections, and conducting hot work (welding) repairs. Moreover, the Independence class Littoral Combat

Ships (LCS) and the Expeditionary Fast Transport (EPF) ships have also utilized aluminum for structural
components in the hulls and sugrarstures, raising additional concerns regarding stress corrosion

cracking, fatigue, and sensitization. In some situations, a weld repair cannot be performed, as called out in
ASTM G67, which states “a mass | os suserrackaviller t han |
form in the area adjacent to the weld repair”. Whi
and costly. For instance, a waterborne weld repair can take upwards of $500,000 and two weeks to repair.

Dry docking a ship requiresast of approximately $1,000,000 and repairs take one month at minimum.
Additionally, the burden to prepare and move the ship to dry dock falls on the crew, reducing their

availability for other tasking.

A case study of the Royal Navy and its Type 21 Frigates has shown that an above water composite repair
patch procedure is an effective alternative to conventional repairs. It has also shown that this type of
repair could be considered durable, and potiyntitassified as a longerm temporary repair lasting at

least 10 years in service. In response, the U.S. Navy has developed an approved above water procedure
for repairing an affected aluminum alloy area of concern and preventing crack growth whilegebt®

integrity of the compromised area utilizing composite patching. The U.S. Navy has applied this above
water composite repair patch procedure to the 84586 aluminum alloy superstructures and decks

aboard C&7 class ships, and is currently invgee aboard eleven different ships of that class. Since

then, the conceptual viability of underwater composite patching technology has been proven through
initial research conducted at the Naval Rgreiduate School (NPS). This work is publicly available i
Lieutenant Commander Robyn W. Bianchi’'s 2018 Thesi
web address under the “References” section.

The Navy desires an underwater composite patching technology that will be able to withstand the loading
experenced in the dynamic environment of a waterborne US Navy vessel. The proposed solution will
have a minimum lifespan of 6 months to 1 year in the saltwater environment across a temperature range
of 40 to 90°Fahrenheit for cracks measuring up to 12 incHesgjth. This flexibility will allow for more

robust Shipyard planning. The successful proposer will also investigate, estimate, simulate, and verify the

repair’s expected |ifespan across the extended un
undervater composite patching solutions will also be applicable to hulled vessels of varying materials,
including composite, al umi num, steel , and fibergl:

capabilities to repair, an underwater, dia@plied compsite patch offers the warfighter the potential to
extend operational time and save money.
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Currently, weld crack repairs on steel hulled vessels are common. A small crack weld repair on a steel

hulled vessel costs just under $400,000 and takes 10 dayeskwls that have a refined/approved

procedure. Aluminum hulled vessels currently cannot be welded underwater in accordance with an

approved procedure, thus increasing the 10 day timeline to as long as one month with costs exceeding
$1,000,000. The ideglatching capability proposed will cost less than $1,000 per application and would

require 2 days or less for repair time. This repair time must encompass the time necessary for divers to

apply the patch as well as the total cure time. The proposed coenpatihing technology will delay or
eliminate the need for crack repairs outside of a
repairs occur at least once per fiscal quarter. Permanent crack repairs can then be scheduled once the ship
entes its extended drgocking availability. This capability will lower demand within our Navy shipyards

and reduce the need to contract private yards. Thi
emergent repairs whereas its objective use witbb@ermanent patch repair for crack arresting. This

technology could also be applied to commercial vessels and help them save cost or time associated with

weld repair delays as there are very few solutions of this nature commercially available. Mmsissolut

pertain to sail boats that are made of fiberglass or composite hull structures. All commercial vessels with
aluminum or steel hulls require either underwater welding oddoking solutions.

The technology will be tested against the qualificatiaquiements of Department of Defense
Manufacturing Process Standard, METD-1689A, Fabrication, Welding, and Inspection of Ship
Structure.

PHASE |:Develop a concept for the fabrication and application process of underwater composite
patching. Determinehe feasibility of the proposed composite patching and recommendations for
improvement on any associated manufacturing processes. Feasibility shall be demonstrated by a
combination of analysis, modeling, and simulation as stated in the Description. Thd Pipdisn, if

exercised, will include the initial design specifications, load testing results, and capabilities description to
build a full scale prototype solution in Phase II.

PHASE II: Develop a full scale prototype and procedure shall be developeditinered to the

Government for final testing and evaluation. The system shall include recommended composite and
epoxy type and manufacturing materials and procedures. An initial evaluation of the system will be
performed on a waterborne US Navy vessekpresentative substitute platform. The system will also go
through preliminary qualification testing based on a test plan developed by the Government IAW MIL
STD-1689A. Final test and evaluation will take place at the Navy Experimental Diving UnitnBana

City, FL. Lastly, it will be determined if composite patching repairs could be used as permanent or
temporary emergent repairs. Describe in extensive detail the conditions under which the solution would
be considered as a permanent or temporary emeawegeit, including but not limited to water

temperature, salinity, and other criteria.

PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioning the technology to Navy use.

Deliver an operational system to the Government for qualification tdstegcordance with MIL

STD1689A, Fabrication, Welding, and Inspection of Ship Structure. Provide composite and epoxy

materials necessary for qualification testing. Provide all required training to safely conduct the procedure.
After successful qualificaton, del i ver the systems to the Navy’s
(ESSM) program where they will be maintained and ready for issue. Train ESSM personnel in the

operation and maintenance of the delivered systems. Provide all drawings of the sysigmorto s

fabrication, maintenance, and overhaul.

This technology also has the potential to impact commercial industry. The concept of saving time and
money with waterborne patch repairs vice entering dry dock or contracting divers to perform underwater
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welding would be applicable to maritime vessel maintenance and repair communities associated with
commercial shipping and transportation industries.
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N231-052 TITLE: Advanced Reliable WidRange Hydrodynamic Hull Appendage
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

OBJECTIVE:Develop an Advanced, ReliabM/ide-Range Hull Hydrodynamic Appendage (HHA) that
provides fuel savings over a broad range of Froude numbersH0.Z5).

DESCRIPTION:Unmanned Surface Vessels (USVs) and combatants require affordable, reliable, fuel
efficient, proven hull forms. Commercially available hull designs provide a good baseline for affordable,
reliable, proven hull forms; however, they are typically not desigoefuel efficient operations at the

same broad operational speed ranges required for military vessels, i.e., lower transit speed, endurance
range speed, and higher sustained sprint speed. The speed time profile for a USV will vary highly
between peacénte and war time operations, making broad range fuel efficiency more critical. Existing
HHAs (stern flaps, wedges, interceptors, bow bulbs, etc.) [Refs 1 and 2] have demonstrated the ability to
reduce hull resistance, and thereby, improve fuel efficidmayywe ver , t heir benefits v
speed range, and have not provided a consistent benefit across a broad range of Froude numbers (0.15
0.75). Additionally, some of the HHAs rely on shipboard hydraulic systems, which can lead to cost and
reliability issues.

A reliable, widerange HHA is required to enable commercially available hull designs to provide
affordable, reliable, fuel efficient capability. Development of a reliable, \vadge HHA will better
enable a modified Commercial Off Theedf(COTS) huliform to meet USV and combatant operational
requirements, improving the autonomous systems endurance, persistence, and reliability. The
devel opment t-A40®'etisn hludndgt 1.50"

Innovation is required to develop an advanced HHA thatiges fuel savings across a wide range of

Froude numbers and provides reliable operation with minimal maintenance. Additionally, the HHA must
be readily integrated into an existing hull form, such that it does not require significant modification of
exiging commercial hull forms. The advanced HHA will provide-4®% fuel efficiency benefit at

minimum across a wide operational speed range per Froude number range provided previously, and shall
target an acquisition cost of less than $750K per unit toigeav Return on Investment (Rol) withir2l

years. The number of units required is dependent on how broadly the technology can be applied; for
planning purposes~1#0 units woul d be required over a 10 yea
performance will be agssed against the power delivered ratio for a hull form without an HHA as
compared to a hull form with an HHA. The HHA shall be designed for (a)yeabservice life, (b) fail

safe operation, (c) 80% reliability, and (d) preventative maintenance meguire of no more than once

per year. A reliability assessment shall be completed to assess whole system reliability, broken down by
subsystems and components, to validate improvements relative to current systems (e.g., hydraulic
actuated interceptors oirtr tabs).

PHASE I.Develop a concept for an advanced, reliable, wadwe HHA that explores methods to

incorporate reliability and faiafe operations into the system. Identify how the system would integrate

into a range of USV and combatant hull fori@snduct computational fluid dynamic (CFD) studies to
demonstrate the feasibility of the concept and potential energy savings to hull forms across a wide Froude
number range per range provided previously and verify integration requirements. Condutityreliabi
assessment broken down by subsystems and components. Provide final concept for an advanced, reliable,
wide-range HHA.

The Phase | Option, if exercised, will include the initial design specifications and capabilities description
to build a prototypeolution in Phase II.
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PHASE Il: Develop and deliver a fuicale or modeécale prototype of an advanced, reliable, wialege

HHA. The design shall be applicable to multiple hulls; however, only one prototype is required for one
USV or combatant hull. E&luate the prototype system through model ordadlle testing. Validate-5

10% fuel efficiency benefit across a wide operational speed range, relative to baseline hull performance.
Update the reliability assessment based on final configuration and caomjgefextion, and document
improvements to reliability.

PHASE 1l DUAL USE APPLICATIONS:Support the Navy in transitioning the advanced reliable wide
range HHA to Navy use. Based on the evaluations completed under Phase I, make further modifications
andimprovements (compatibility with all Navy requirements), and refine the design for Navy specific
USV or combatant uses. Work with the Navy in the implementation of an advanced, reliablengiee

HHA on higher speed Naval platforms, such as MUSV or M@&k to identify commercial applications

for Fast Support Vessels (FSVs) and ferries. In coordination with the Navy, condwsttaellshipboard
evaluations to validate effectiveness in a relevant environment to verify fuel savings are achieved.
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N231-053 TITLE: Improved Electromechanical Actuators for Aircraft Carrier Flight Deck
Applications

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)HumanMachinelnterfaces

OBJECTIVE:Improve the existing configuration of Electromechanical Actuators (EMAS) to lower in a
safe, controlled manner in the event of a system or component failure for Aircraft Gayisddck
applications.

DESCRIPTION:Aircraft Launch and Recovery (ALRE) is a critical part of aircraft carrier flight deck
operation as the carrier aviation depends on the system for launching and landing aircrafts during flight
deck operations. ALRE atudes Jet Blast Deflectors (JBDs), Integrated Catapult Control System (ICCS),
Barricade Stanchions, and Landing Signal Officer Display Systems (LSODS) , which utilize EMAs as the
mechanism to raise and lower the operative components.

EMAs are an alternate to hydraulic actuators, which require which require multiple hydraulic pumps

that require pumps, pipes, and valves and lead to fluid contamination, oil leakage, or fire due to hot
breaks. EMAs convert electricity to motive force. The force createtdearsed to move large doors,

operate switches for sorting conveyor systems, or move powered valves. Commercially EMAs are used in
platforms such as landing gear, steering actuation, doors, brakes, and primary and secondary flight
controls.

In theNavy, EMAs are used extensively on the CVN78 flight decks to raise and lower JBDs, Integrated
ICCS, Barricade Stanchions, and LSODS. Existing EMAs are unable to lower in the event of mechanical
or select electrical failures, creating a risk to flight depkrations, including loss of aircraft. JBD unit

number three (3) poses the greatest risk to emergency flight recovery operations, which elevates the focus
to develop a solution specific to this location. However, the need to improve reliability and reduce
maintenance requirements persists for all flight deck EMA applications. The existing EMAs that actuate
the JBDs are ineffective at lowering in the event of system or component failure, which poses significant
risk to emergency aircraft recovery. Theredbeen several documented cases of prevented JBD panel
lowering incidents on aircraft carriers and successful outcome of this project is considered critical in
support of carrier flight operations and in direct support of mission readiness. The current EMA
applications, specifically on JBD 3, creates a critical need for a solution for an improved EMA that will
lower in a safe, controlled manner in the event of a system or component failure.

During aircraft carrier launch operations, the JBD functions as a physical safety barrier between the

aircraft enginenozzle exhaust and any equipment or personnel that are located behind the aircraft. A JBD

is installed directly aft of each catapult ammhsists of either four or six aluminum panels. These panels

raise from the flight deck and, in operational p o
become an integral part of the flight deck surface when lowered to their stowed pdsigdocus of this

SBIR topic is to improve the current EMAs that actuate JBDs for safe and rapid marwunditylled

lowering capability during emergency operations due to system or component failure. This action would

ideally occur remotely, however,afproposed solution occurs locally, then the time to deploy and

activate the lowering action will be a major evaluation factor in meeting the time requirement.

The JBD actuators exist in a severe environment where frequent exposure to seawatergyjeafieg!

and other debris, and includes periods of submersion from accumulation of these elements. The JBD must
remain raised if there is a loss of normal operating power and emergency lowering must commence upon
manual control only. The physical spacdiighly constrained due to their proximity to other ship

structure, systems, and components. The existing space dimensions are 14L x 36W x 1.8H feet with an
approximate volume of 600 square feet occupied ksitinmachinery.
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Below are the requirementsdatechnical data for JBDs.
Dimensions: 6 feet wide with six (6) panels operating simultaneously in adjacent series along the
length dimension at 14 feet and raised to a height of 10.7 on the aft arrangement. They raise
simultaneously to an angle of 50 degs from a horizontal position relative to the flight deck.

Weight of Existing Panel: 5,200 Ibs.

Static Force (needed to overcome the weight of each panel): 38,000 Ibs.

Time to Lower (in the event of system or component failure):not more than LiPesiin
Method of Lowering: initiated manually, either remotely or locally.

Safety Risks: must not pose any husmaachine interface safety risks.

NOTE: Technologies that achieve fullpwered JBDs in the safest manner, which could entail remote
operation and in the shortest time will receive evaluation preference. Technologies that introduce the
least time consuming maintenance requirements will also receive evaluation preference.

The current design employs a mechanical clutch that disengages th& & fhe actuator and a

mechanical brake that controls the descent rate of the JBD lowering action. Consideration should be given
for alternative technologies that effect a manuatintrolled emergency lowering operation such as

locally or remotely contited electrehydraulics, pneumatics or other compressed gas cylinders and rams;
coil springs; electranagnetic cushioning; or any other novel dynamic control technologies, devices, or
materials, or any configurations thereof that would integrate anyrexisteans for lowering large heavy

hinged objects in a rapid and safe manner under marcailyolled operation. Further consideration

could also be given to effect a cascading action by leveraging raised panels as resistance in lowering
adjacent panels isubsequence, thereby limiting the power demands to the final remaining upright panel.

PHASE |:Develop a concept for improved EMASs for Aircraft Carrier Flight Deck applications that meet
the requirements in the Description. Demonstratddhsibility of the concept in meeting Navy needs and
establish that the concept can be developed into a useful product for the Navy. Feasibility of the
electromechanical actuator will be established via computer modeling. The Phase | Option, if exercised,
will include the initial design specifications and capabilities description to build a prototype solution in
Phase II.

PHASE II: Develop and deliver a prototype and demonstrate that it can meet the needs of the Navy.

Initial testing of the system will ben subscale demonstrators progressing testtdle system testing at a
location and facility to be determined. Testing must demonstrate performance, environmental robustness,
shipboard shock and vibration, and maintainability. Product performance wlifirbenstrated through
prototype evaluation, modeling, and demonstration over the required range of parameters. An extended
test in a maritime environment will be used to refine the prototype into a design that will meet Navy
requirements. Prepare a Phaserldnufacturing and development plan to transition the electromechanical
actuators to Navy use.

PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioning the EMAs to Navy use.
Manufacture and install, on a candidate Gerald R. Ford and Nimitg @lasaft carrier, one EMA
system for shipboard test and evaluation. Plan to produce units for forward fit t8C¥hd follow, and
backfit of the entire class of #service carriers.

NAVY -170



VERSION 3

Improved speed, precision, movement, and manual override to EMA®aasubstitute in any format or
industry where this technology is currently being utilized such as mechanical systems, industrial
machinery, computer peripherals, printers, opening and closing dampers, locking doors, braking machine
motions, 3d printerand commercial aircraft manufacturing.
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N231-054 TITLE: Structural Design Process for Higtycle Fatigue Performance of Composite
Materials

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated material anservices,

including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origihgttype of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restrictethdue to
technical data under US Export Control Laws.

OBJECTIVE:Develop, execute, and validate methodologies to efficiently establiskcbiglience
design allowable for higlycle fatigue performance of composite materials and structures.

DESCRIPTION:The United States (US) maritime Navy uses laminated fiberforced composite

materials in a variety of submarine external4poessure hull applications, including sonar bow domes,

an assortment of composite hydrodynamic fairings, acoustic windows, acones peates, and cover

plates. Maximum cyclic load requirements for these types of applications typically range from 10”6 to
1077 cycles. Fatigue is usually accounted for implicitly during the structural design process by defining
factors of safety for stss analyses that are known to provide the required fatigue life for the material
system of interest. This design approach has been confirmed in select instances by testing a representative
full-scale part to demonstrate adequate residual strength@tging a complete lifetime of cyclic loads.
There is increasing US maritime Navy interest in using composite materials inylighapplications

that will require sustaining a much larger number of load cycles (perhaps on the order of 10"9) over the
life of the structure. Composites are attractive for these applications for weight reduction, corrosion
resistance and associated throlifghcost savings, design flexibility, and potential fabrication cost and
schedule benefits relative to metallic desidthawever, for highcycle applications, fatigue becomes a
dominant driver of the structural design. This larger load cycle requirement introduces significant
challenges that are currently outside the Navy community experience accumulated from prior maritime
Navy composites applications. Testing without interruption at an asswed¥cle rate, it takes well in
excess of 6 years to exercise 1079 load cycles for a single test. Under those circumstances, it is difficult to
provide timely and costffective magrial and/or structural testing support for design activities. These

issues can be mitigated via the identification, development, and demonstration of efficient test methods to
reduce the time required to apply the full lifetime of load cycles, and/dlisbtaent of technically

justified methods for obtaining necessary test results with cycle counts reduced to manageable levels, in
support of the generation of high confidence material design allowable.

Some methods have been developed in support of efficent evaluation of higltycle fatigue
performance of composites using Aoaditional test techniques. A large majority of these methods rely
on some form of accelerated test rate, or frequency, to expedite the process typically required of executing
couponlevel experiments comprised of high cycle counts using standardsgivaulic equipment.

While this is commonly accepted practice for characterizing-tygie fatigue performance of metallic
materials, there are several challenges associatedwgthmethods as they pertain to composite material
high-cycle fatigue characterization. Such challenges include a) overheating of the test specimen, b)
introduction of viscoelastic effects resulting in artificial response, c) wear of the test equipmdedit, a

lack of suitable instrumentation technologies for accurately measuring specimen response. Other non
traditional test methods developed for evaluating fuigtie fatigue performance of composites rely on
flexural test configurations to leverage smstiff specimen geometries that provide an opportunity to
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evaluate both tensile (bottom surface) and compressive (top surface) response. However, such methods
often result in maximum stress/strain states at the point of load application (for the casestéf@int
bending) and, as a result, typically produce limited relevant data from a given test.

The efficient test methods and approaches the Navy seeks should be applicable to a rangetailiwn
materials (e.g., Glass Fiber Reinforced PolymdfR®] and Carbon Fiber Reinforced Polymer [CFRP]),
reinforcement architectures (e.g., unidirectional, woven), processing techniques (e.g., autoekye
out-of-autoclave oven vacuum bag cured, infused), and fatigue test stress ratios{Le0.R4) In

addition, the resulting methods and approaches should be capable of developing, with high confidence,
material design allowable pertinent to typical composite failure modes, including but not limited to the
following: in-plane tension, kplane comprssion, interlaminar shear, and bolt bearing. Such methods and
approaches will permit the development and validation of a) design criteria, b) efficient and robust
material selection processes, c¢) efficient static, fatigue, and environmental charaaterzatjgport of
structural design, and d) efficient static, fatigue, and environmental testing for structural verification.
Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with i@reign Influence as defined by DOD 5220M2National Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DSS and NAVSEA in order to gaitess to classified information pertaining to the

national defense of the United States and its allies; this will be an inherent requirement. The selected
company will be required to safeguard classified material IAW DoD 522@.88ring the advance

phags of this contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding sesaxfurity controls from National Institute of Standards and
Technology (NIST) Special Publication (SP) 888 and evaluated using assessment procedures from
NIST SP 80663A and DoDBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&A) of the system. The Contractor

shall support the government's efforts to obtain ;
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Rilanagement Framework (RMF) for DoD Information

Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional Authorizing Official (FAQO). The Contractor shall design the tool

to their poposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2M by delivering OQE and documentation to supporésssent and

authorization package development.

Contractor Information Systems Security Requirements. The Contractor shall implement the security
requirements set forth in the clause entitled DFARS 25272041 2, “ Saf eguar ding Cover
Informationaml Cy ber I ncident Reporting,” and National (.
Special Publication 80Q71.

PHASE I.Define, develop, and demonstrate an experimental approach to efficiently evaluatethe high
cycle (> 1078 cycles) fatigue perform@mnof nonmetallic materials using novel coupon specimen
geometries and/or test methods. Results of the proposed experimental approach shall be compared to
currently available relevant fatigue data and/or limited experimental fatigue data generatetdeunder t
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proposed effort using traditional experimental techniques to substantiate the approach. The feasibility of
the specimen and/or test method design should be supported by analysis and/or simulation. The Phase |
Option, if exercised, will include documetita of performance demonstration and conceptual

specification of proposed improvement and/or refinement to the resulting approach to be further
developed in Phase Il.

PHASE II: Refine, demonstrate, validate, and deliver the experimental approach dehial®base | by
conducting a suite of experiments on multiple material systems targeting a range of composite failure
modes exercised under higlicle fatigue loading. Demonstration of the proposed approach shall include
testing on both CFRP and GFRP miatist Validation of experimental results generated using the

proposed approach shall be established via comparison with relevant currently available material fatigue
databases (where applicable) and/or verification testing using traditional experimehtadsne

Work with NAVSEA to identify relevant cycle counts and stress ratios of interest in support of
experimental testing.

It is probable that the work under this effort will be classified under Phase Il (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:Assist the Navy in transitioning the technology to Navy use

and propose and define an article(s) to be fabricated and subjected to a representative lifetime cyclic load
spectrum in order to validate the proposed experimental mdtwdior developing fatigue design

allowable. Work with NAVSEA to identify a representative cyclic profile in support of defining an

applicable load spectrum comprised of relevant load magnitudes, cycle counts, and stress ratios in support
of experimentaVerification testing.

Efficient experimental methods developed under this effort are not relegated to US maritime Navy use
and are applicable to the commercial (and-Dafiense US Government sectors) use of composites in
high-cycle fatigue applications>(10"8 cycles), such as wind energy. While current wind energy design
methodologies facilitate general robustness and lack a general need for significant design margin (relative
to manned US Navy platforms), the opportunity to leverage developments imexmil testing to

promote efficient characterization of highicle fatigue performance certainly offers the opportunity to

reduce maintenance costs and associated-tiover) improving operational efficiency and overall power
output. Any industry that lerages the use of composites for fatigtiécal applications comprised of

moderate to high load cycles would benefit from this technology.
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N231-055 TITLE: Centralized Automated FawWMonitoring

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy; Integrated Network
Systemsof-Systems

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, whichcontrols the export and import of defenséated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any propssed foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign natida@roposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a centralized automated fault monitoring system capable of integrating sensor and
fault data across ship systemsptovide a holistic view of current faults across various ship systems to
enable fault management, response, and understanding of the impact on mission readiness.

DESCRIPTION:Current technology informs ship watchstanders of faults and alarms from various

control systems throughout the ship. However, watchstanders must interpret multiple alarms and
determine the impact to ship systems, the ship as a whole, and the impact to overall mission effectiveness.
A fault monitoring capability to aggregate systenmadato a user interface, allowing for complete ship

fault monitoring, will reduce the burden on the crew and provide increased situation awareness to the
watchstander.

PMS 515, FFG 62 Constellation Class Program Office, seeks a centralized automatadridafing

capability to integrate numerous ship systems providing data and alarm inputs in order to improve the
crew’ s sitwuational awareness of overall ship stat.
into one common structure and platfolevel system, the cognitive load on the operator can be decreased

and the ability to make datiriven decisions based on complex information will be greatly improved.

The centralized automated fault monfautdamandg system
sensor outputs and convert them into a huneaidable and intuitive User Experience (UX) to provide an
aggregate viewpoint of the overall ship system and platform health. This will enable operators to visualize

the mission impact of variodaults and alarms on ship control systems (e.g., up/down, failure mode,
performance). The centralized automated fault monitoring system should categorize and prioritize alarm
information with the goal of displaying compiling, automating, and reducing bsie the

watchstanders to assist with understanding the influence a component alarm has on the overall mission
effectiveness of the system.

The centralized automated fault monitoring system must be capable of collecting, integrating, and
displaying datdrom all ship control systems and must include an interface to support data export. This
will enable data analysis by watchstanders in real time as well as evaluation by the Program Office, In
Service Engineering Agents (ISEAs)s, and subject matter exgéme system will also inform

maintenance and logistical requirements. Proposers should develop a solution that is Modular Open
Systems Approach (MOSA) compliant to allow for crpatform compatibility and future capability
improvements. Because of threique and specific nature of the multiple FFG 62 subsystems, of which
data will be collected, there are currently no commercial solutions to allow for subsystem data integration
and/or data exportation. Testing will be iterative throughout the phasedeinto test accurate data
consolidation, user experience, and secure cyber footprint. This solution must have the ability to achieve
Navy accreditation and certification in order to be installed on an operational vessel in accordance with
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the latest guidace including, but not limited to, Authorization to Operate and Risk Management
Framework policies.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign Influence as defigddiD 5220.22M, National Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DBShe selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DCSA and NAVSEA in order to gain access to classified infompeertaining to the

national defense of the United States and its allies; this will be an inherent requirement. The selected
company will be required to safeguard classified material IAW DoD 5224.88ring the advance

phases of this contract.

All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordance with Committee on National Security Systems Instruction (CNSSI) 1253,
implemented using a corresponding set of security controls from Natiotialtsef Standards and
Technology (NIST) Special Publication (SP) 888, and evaluated using assessment procedures from
NIST SP 80663A and DoDBspecific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall syort the Assessment and Authorization (A&A) of the system. The Contractor

shall support the government's efforts to obtain ;
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) @idiidormation

Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functional Authorizing Official (FAQO). The Contractor shall design the tool

technical support and design material for RMF assessment and authorization in accordance with
NAVSEA Instruction 9400.2M by delivering OQE and documentation to support assessment and
authorization packagestielopment.

Contractor Information Systems Security Requirements. The Contractor shall implement the security
requirements set forth in the clause entitted DFARS 25272041 2, “ Saf eguarding Cover
Information and Cyber Incide®e por ti ng, ” and National I nstitute of
Special Publication 80Q71.

PHASE |:Develop a concept for an automated fault monitoring system that integrates data from

numerous ship systems with an ability to assess the fauls &nd r ms ’ i mpact to the shi
readiness. The concept must show that it can feasibly meet the requirements of the Description.

Feasibility shall be established through modeling and simulation of concept.

The Phase | Option, if exercised, will indee the initial design specifications and capabilities description
to build a prototype solution in Phase II.

PHASE Il:Based on the results of Phase | and the Phase Il Statement of Work (SOW), generate system
architecture diagrams that providaigh-level, and detailed system design as well as develop a

comprehensive automated fault monitoring prototype that is capable of demonstrating the implementation
and integration into the ship systems’e environmen!
technology’ s accuracy, repeatability, and functi ol
Description. Perform a system demonstration in a simulated environment. Prepare a Phase ll|

development plan to transition the technology to Navy use.
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It is probable that the work under this effort will be classified under Phase 1l (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioning the technology to Navy use

and support further refinementand tegtinof t he centrali zed automated f a
functionality following successful prototype development and demonstration. Testing will be

accomplished by redime demonstration of the developed capability with operational users in order to

gauge successful metrics for accuracy, readability, and implementation of data feeds into a singular
location/user interface and mission impact analysis. Support the Navy for test and validation to certify and
qualify the system for Navy use.

This solution ha applicability across the Navy on most if not all platforms with complex/automated ship

control systems. This technology has the potential to increase both mission effectiveness and readiness of
the Navy's Fleet. Thi s c apapptications tvith maltpla divierseaadp p |1 i e d |
complex systems, including aviation and commercial maritime operations.

REFERENCES:

1. Zeng, Zhiwei, Heng Zhang, and Qiang Miao. "Analytical Model Based Fault Diagnosis of
Complex System: A Review." 2021 Internatib@@nference on Sensing, Measurement & Data
Analytics in the era of Artificial Intelligence (ICSMD). IEEE, 2021.
https://ieeexplore.ieee.org/document/9670860

2. Salahshoor, Karim, Mohsen Mosallaei, and Mohammadreza Bayat. "Centralized and
decentralized proas and sensor fault monitoring using data fusion based on adaptive extended
Kalman filter algorithm." Measurement 41.10 (2008): 1:05896.
https://www.academia.edu/24261328/Centralized_and_decentralized_process_and_sensor_fault_
monitoring_using_data_fusiobased_on_adaptive_extended_Kalman_filter_algorithm

KEYWORDS: Fault monitoring; automated fault impact assessment; integrated alarm data; network fault
management; centralized system data; ragtisor data fusion
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N231-056 TITLE: DIGITAL ENGINEERING - Intelligent Capture of Digital Imaging for
SystemdEngineering, Modeling, and Training

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls thexport and import of defenselated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposegderform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a higkcapacity digital video imagery recording system that provides intelligent
selection and efficient organization and storage.

DESCRPTION: Electrooptic and infrared (EO/IR) imaging sensors (cameras) are widely used for

situational awareness, surveillance, and targeting. However, no matter the application, the amount of raw
data generated is enormous. This is especially true forflanget, high resolution, and extremely high

frame rate video sensors. The ability of human operators to monitor, comprehend, and respond to such
video streams is therefore taxed, especially over extended periods and during stressful engagements.
Thereforethese systems incorporate image processing features that aid the human operator. For some
systems, this may be as simple as displaying al er:
of interest (ROIs) based on predefined thresholds oactaistics. For increasingly sophisticated

systems, the operator will be aided by a suite of madkeraing (ML) enabled image processing

algorithms that accurately recognize ROIs, identify targets of interest, and generate alerts that take into
consideation conditions that are completely new and unknown to the particular operator. To do this

efficiently and accurately, these algorithms must be trained on the most extensive and relevant set of

digital video image data possible. By necessity, this dat be continuously updated to reflect new
conditions and evolving threats. While commerci al
recorders, where every piece of recorded data is necessary, valuable, and readily useful, de-not exist
espeally with the capacity required for operational use.

A co-requisite need arises from the systems engineering process as applied to the development, test,
evaluation, validation, and sustainment of EO/IR imaging sensor systems. Requirements for system
performance naturally define parameters such as resolution, dynamic range, and spectral bandwidth. But
these specifications, t hough essenti al, don’t full
discern a target in a complex and rapidly cliaggnaritime seascape subject to the caprices of wave and

weather. Effective system development and validation, especially for those systems incorporating

sophisticated image processing and decision aids, depends on evaluating performance against a wide

range of imaging conditions. However, this cannot be done exclusively at outdoor test ranges (which are
expensive). A great deal of system development, particularly the design of the image processing

subsystem, must be done using captured imagery. In agditidorary of representative video images
provides a digital “standard” against which systel
the systems engineering process, starting from requirements definition and system modeling. This is

especial true as acquisition programs move to a full mdzbded systems engineering (MBSE)

approach. If properly executed, digital models, based on properly updated and validated data, can be used

t hroughout a system’ s | i f e, operatmmand sestammentcHnallpad de v
library of imaging data is essential for training personnel and training ML algorithms.
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In both cases, the key is a readily accessible library of captured image data, broad in extent, and organized
and stored for raty retrieval in a way conducive to the particular task at hand. The Navy, therefore,

needs an intelligent recording system (recorder) that captures, sorts, compresses, and stores video image
data. The “intelligent” a e shouldoperateé duenomoudlyyt i on me
without operator input needed to initiate recording (although the provision for operator/estero@d

capture should be included with sufficient buffering to account for operator response time) and without

manual cuation of the stored video. For simple systems, where ambient conditions can be controlled and

the overall scene does not change appreciably, this can be accomplished through simple motion detection.
However, for a warship at sea, the scene is constardlyieg such that economical use of storage

capacity demands a conditional recording strategy that is highly selective and dynamic.

In deciding what video to capture and how it is sorted and compressed for storage, the recorder should
utilize metadata emleled within the video file. This includes not just the metadata provided organically
from the imaging sensor (camera) but also metadata generated by image processing subsystems. In
particular, the metadata will be augmented by-8fiabled subsystems thair Example, identify ROIs

within the broader image frames. The recorder may also incorporateabtid algorithms in the decision
process if those algorithms facilitate accurate identification of video of interest. Video of interest can
include both typicaévents and atypical events and may, in the limiting case, be captured as a still image
photo (SIP). Beyond this, the solution is expected to develop the methodology for identifying which video
samples warrant recording. It should also be noted that ttaelate associated with each video sample is
not fixed, and as image processing subsystems increase in sophistication and system hardware and
software is updated, the available metadata may well expand. Therefore, acceptable solutions must be
extensible. Lkewise, the solution should be agnostic to sensor format, frame rate, resolution, etc., and
allow recording of nortompressed Class 0 motion imagery and compressed inputs. The video will be
compliant with (and therefore the solution must be compliant With)-STD-2500C National Imagery
Transmission Format Standard, Motion Imagery Standards Profile (MISP), Motion Imagery Standards
Board (MISB) Standard (ST) 1606, MISB ST 1608, MISB ST 1801, MISB ST 0902, and MISB ST 1402.
The recording system should inclualdoop recording component, an intelligent image processor, and a
nonvolatile longterm storage component with removable media. The loop recording component will
receive synchronized imagery, audio, and augmented metadata from the EO/IR sensor émstthe s
image processing subsystems) in native resolution and framerate for a minimum of two hours (with a goal
of 24 hours). The solution will select, capture, and sort video or SIP samples for compression,
organization, and storage. The loop recorder émadge component, though distinct and separable, shall

be designed for performance as a complete system. The intelligent image processor may form a distinct
component or be distributed between the loop recorder and storage components as necessary.

Examples of events that would trigger automatic recording include suboptimal operation of an artificial
intelligence/machine learning (Al/ML) subsystem, sensor degradation or failure, incidents at sea,
detection of targets of interests or threats, andgamants. However, the solution will also include a
capability for the operator to choose direct recording manually. The volatile storage component will
automatically store and curate video and SIP samples with the corresponding metadata. In addition to
aubmatic content curation, the storage component shall use the available storage efficiently to maximize
the recording capacity with minimal operator input. Solutions may utilize adaptive compression, foveated
imaging, bandwidth prioritization techniques,adher methods to control the quality of video

compression so that semantically meaningful elements of the scene are encoded with the highest fidelity,
while background elements are allocated fewer bits in the transmitted representation. The amount of
compession applied to ROIs must be variable, ranging from no compression at all to full compression as
applied to the entire image. The amount of compression applied to ROIs will be determined by presets,
cues from the image processing subsystem, or dyndynietermined by the recorder based on the
metadata available. The efficiency of the storage component will be based on the size of the stored
content compared to the original (uncompressed) video and SIP content selected for recording. The
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impact of imageompression on ROIs should be minimal as determined by analysis with an image
guality evaluator. The image quality evaluator shall be proposed as part of the solution.

The sensor subsystems that will provide the augmented metadata are currentlyoipndeneand may

include autonomous detection and tracking, aided target recognition, image fusion, turbulence mitigation,
and superesolution. These sensor subsystems are not considered part of the intelligent recorder system.
For maximum utility, the intégent recorder shall function in two distinct modes. The first mode is the
operation of the loop recording component in4téak in conjunction with the intelligent image

processor and lonagerm storage component. In this mode, the loop recorder aatsiaterface and

buffer (if buffering is needed). Alternately, the loop recorder shall operate separately and collect imagery
for later ingestion by the intelligent image processor either by intermittent connection to the loop recorder
or by physical trasfer of removable storage media. In this way, one intelligent recorder system can
service multiple imaging sensors (with multiple loop recorders). By extension, the intelligent recorder
system should be compatible with previously recorded imagery datafrmnsources. Examples

include image data from historical collections and imagery from systems that already include their own
recording system. In this latter case, it is understood that the performance of the intelligent recorder
system may not be optah

Prototypes developed under this effort are not intended for deployment and need not be hardened
according to environmental shipboard standards. Size, weight, and power (SWaP) of the prototype are not
constrained; however, the prototype is intended for litepcuse. The solution should be fundamentally
scalable, but the prototype should include and demonstrate the capability to handle video from four input
channels simultaneously. The Government cannot guarantee that recorded data or image processing
algorithms can be made available, so the proposed approach should anticipate the need to capture imagery
from representative sensors (visible and infrared) and process the data through simple algorithms that
emulate the sensor image processing subsystems thtaigbneration of additional metadata. In this

way, the solution and the imaging data used to demonstrate it should remain unclassified. However, the
solution should include no constraint or feature that precludes its use on classified systems. For example
the loop recorder and storage components should allow for future encryption of the storage media.
Proprietary video or SIP file formats shall not be used.

Two prototype intelligent recording systems shall be delivered under the effort along witlegariph
hardware and software necessary to offload the captured data, access it, examine it, and prepare it for
permanent transfer and storage on a Goverrnm@ned network. User interface software shall also be
delivered that enables efficient managemenhefsystem. This includes manual (operator directed)
recording and SIP capture, search (time, location, source, keywords, and other metadata elements), and
playback, and any editing tools, compression tools, and tools needed to manage settings (directly or
remotely), file formats, and organization of the image library. At the conclusion of the effort, prototypes
and peripherals will be delivered to Naval Surface Warfare Center (NSWC), Crane Division, Crane,
Indiana.

Work produced in Phase Il may becomessified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign Influence as defined by DOD 52®0.[Rational Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implementedand approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to pedaradvanced phases of this contract

as set forth by DSS and NAVSEA in order to gain access to classified information pertaining to the
national defense of the United States and its allies; this will be an inherent requirement. The selected
company will e required to safeguard classified material IAW DoD 5228/2uring the advance

phases of this contract.
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All DoD Information Systems (IS) and Platform Information Technology (PIT) systems will be
categorized in accordance with Committee on National 8g@&ystems Instruction (CNSSI) 1253,
implemented using a corresponding set of security controls from National Institute of Standards and
Technology (NIST) Special Publication (SP) 888 and evaluated using assessment procedures from
NIST SP 80663A andDoD-specific (KS) (Information Assurance Technical Authority (IATA) Standards
and Tools).

The Contractor shall support the Assessment and Authorization (A&A) of the system. The Contractor

shall support the gover nmenoaOpeatedATO)anratcerdahcewith bt ai n
DoDI 8500.01 Cybersecurity, DoDI 8510.01 Risk Management Framework (RMF) for DoD Information
Technology (IT), NIST SP 8063, NAVSEA 9400.2M (October 2016), and business rules set by the

NAVSEA Echelon Il and the Functial Authorizing Official (FAO). The Contractor shall design the tool

to their proposed RMF Security Controls necessary to obtain A&A. The Contractor shall provide

technical support and design material for RMF assessment and authorization in accordance with

NAVSEA Instruction 9400.2M by delivering OQE and documentation to support assessment and

authorization package development.

Contractor Information Systems Security Requirements. The Contractor shall implement the security
requirements set forth in théaose entitted DFARS 252204012, “ Saf eguarding Cover
I nformati on and Cyber Incident Reporting,” and Nali
Special Publication 80Q71.

PHASE |:Develop a concept for an intelligent recorder systieat meets the objectives stated in the

Description. Define the video event identification methodology that triggers recording and demonstrate

the feasibility of the concept in meeting the Nav
recorder pdgormance from the techniques proposed for image compression and storage. Feasibility shall

be demonstrated by a combination of analysis, modeling, and simulation as stated in the Description. The
Phase | Option, if exercised, will include the initial dessgecifications and capabilities description to

build a prototype solution in Phase II.

PHASE II: Develop and demonstrate a prototype intelligent recorder system based on the results of Phase
I. Demonstration of the intelligent recorder system shalldoeraplished through production and test of a
prototype in a representative (but protected) environment (for example, from a pier) or by use of raw
collected imagery data and laboratory demonstration. At the conclusion of Phase I, two final prototypes
along with the peripheral equipment and software necessary for their operation shall be delivered to
NSWC Crane along with complete test data, updated specifications, interface documents, capabilities
description, and sample image files (video and SIP) reddrgé¢he prototypes.

It is probable that the work under this effort will be classified under Phase Il (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:Support the Navy in transitioning the technology for
Government use. Develop depable designs with specific interface and storage requirements. Harden
the designs for shipboard use. Establish hardware and software configuration baselines, produce
productionlevel documentation, and transition the intelligent recorder into produégsist the
Government in the integration of the intelligent recorder with deployed imaging sensor systems.

The technology resulting from this effort is anticipated to have broad military application. In addition,
there are numerous law enforcement agligty applications. Scientific applications include the
recording of natural events such as wildlife behavior, weather, and astronomical observations.
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N231-057 TITLE: ReatTime Training Heat and Load Monitoring Kits for Ground Forces
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

OBJECTIVE:Develop a Heat lliness Prevention System (HIPS) kit that provides technologies-for real
time monitoring to prevent exertional heat illness in a training environment, at scaletiverduty
service members specifically for Marine Corps and Army personnel.

DESCRIPTION:The U.S. Army Medical and Material Development Agency (USAMMDA), under the
Health Readiness and Performance System (HRAPS) program of record has develop#d a suit
technologies and capabilities for use in a training environment. In addition, the U.S. Army Research
Institute of Environmental Medicine (USAIRIEM) has developed several critical heat strain state
algorithms that estimate core body temperature, heasalrisk, and predict heat stroke. Together, the
HRAPS technologies and algorithms have been combined into a prototype heat illness prevention system.
The HIPS has been used in a prototype form with Special Forces (Ranger Assessment and Selection
Program- 75th Ranger Regiment) Sapper Leader Course (169th Engineers), and with regular trainees to
include 198th Infantry Brigade (Ft. Benning), Maneuver Support Center of Excellence (MSCoE), and
with the U.S. Marines Marine Corps Recruiting DepetParris Isand. While these prototypes are useful

in the management and prevention of exertional heat illnesses in the training environment, they are
comprised of separate technologies and do not scale to support the numbers for Marine Corps and Army
training enviroments, requiring further science and technology to ensure that the technologies and
algorithms support the scale needed.

The HIPS system is composed of core system capability with additional add on components. The key
technical challenges require addiegshe scale requirements provided below (threshold), and then the
additional add on components (objective). The core system is comprised ebadyosensor system and
local phone status app.

On-Body Sensor System Requirements:
1) Human factors: Wearabigith minimal comfort impact and functional for extended periods of time:
Threshold is 4 days, Objective is 7 Days
a) While we do not explicitly define size/weight requirements these will be constrained by the
human factors and expectegar/function times.
2) Environment: 50+ °C, fully immersible in water
3) Battery life: Threshold is 4 days, Objective is 7days
4) Communications: Bluetooth Low Energy (BLE)
5) Scalability: Ability to use on large Company size units simultaneously, e.g- 600 indviduals
6) Gang charging systems to manage devices in at least multiples of 25
7) Sensors:
a) Skin temperature (every 5s)
b) Heart Rate Threshold is every 5s; Objective is ECG waveform
c) 3 axis accelerometry
8) Must run Government Furnished algorithms in real timéherdevice to determine heat strain risk
state:
a) Estimated Core Body Temperature (ECTemp)
b) Adaptive Physiological Strain Index (aPSl)
c) Gait Instability Index (GInl) aka Wobble Index
d) Heat Stroke Prediction Algorithm
e) Exertional Heat lliness Alerting AlgorithniEHIAA)
9) Data logging capable of storing and downloading high resolution data from all sensors exceeding the
battery life time
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10) Must be manageable for Company size group by 1 or 2 staff members

Local Phone Applications (App):

1) Receive and display transmisssainom the OrBody Sensor System: Android (Threshold), Android
and Apple (Objective)

2) Display status for a defined set training Company personnel on individual tiles that represent the
EHIAA algorithm and change colors based upon risk level

3) Tiles ordered ¥ EHI risk level

4) Must have the ability to define stigvoups of personnel and display these-gtdups independently

Additional Capabilities (Objective):
If the Threshold requirements have been met, then the following Objective capabilities are desired.
1) Individual Smart Watch or Phone
a) Provide individuals with their own display of their own data
b) Alert to preset thresholds based upon EHIAA, aPSI, or ECTemp
c) Ability to track gealocation
d) Ability to transmit heat strain state and geolocation to asesber application through cellular
communications (Threshold) or other lerajpmge means (Objective)
e) Provide the ability to only transmit data that by itself do@isconstitute either personal
identifiable information (PIl) nor protected health information (PHI).
2) Web-application
a) Display geelocation and heat strain state
b) Allow different log-ins to provide independent events with their own view of participants

In addition, this effort requires the compilation of training materials and the ability to support training
units in the issue and roll out of the HIPS monitoring system.

PHASE I.Develop a concept and prototype for a HIPS kit that provides technologresifime

monitoring to prevent exertional heat illness in a training environment. Demonstrate the feasibility of the
proposed concept (hardware/software Htintric system) to meet Marine Corps infantry needs through

a set of specific Phase | deliverablAs part of Phase | the Government will provide at least one heat
strain risk algorithm to support testing.

Deliverables specific to this SBIR topic (in addition to the standard Phase | deliverables identified in the
DON instruction for this BAA) includel) an initial prototype kit; 2) documentation that kit components
can achieve the request requirements listed in topic call; 3) concept of operations for how the kit will be
employed by end users; and 4) human subjects testing plan for testing tloatwilturing Phase I1.

No Human Subjects Research can be conducted as part of Phase |I.

PHASE IlI:Based on the results of Phase | deliverables evaluation, performers will develop a working
proof-of-concept of the HIPS kit for the ground forces. This pisasd include prototyping the HIPS Kkit,
conducting critical design reviews, and demonstrating that initial capabilities are sufficient for existing
training environments. The prototypes will be evaluated to determine their capability to meet ground
force reeds and requirements for a heat monitoring system.

Deliverables include: 1) a final bitif-materials (BOM); 2) all component parts and specs; and 3) proof of
concept devices (at least 100) for evaluation.

Human Subjects Research is expected toamelucted as part of Phase Il, but may be done in partnership
with a Government lab as part of ongoing activey service member (e.g., Marine Corps or Army)
research.
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PHASE Ill DUAL USE APPLICATIONS:Support the Marine Corps and Army with transitionangl
integrating the HIPS kits into existing training environments. Assist with certifying and qualifying the
HIPS kits for Marine Corps and Army use. Assist in writing Marine Corps and Army device user
manual(s) and system specifications/materials. Asogpiate, focus on scaling up manufacturing
capabilities and commercialization plans that will extend the technology to the civilian with a focus on
athletic activities- e.g., collegiate, endurance races, etc.

REFERENCES:
1. Buller, Mark J.; Welles, Alexandd®. and Friedl, Karl E.. "Wearable physiological monitoring
for human thermalvork strain optimization." Journal of Applied Physiology, 124.2 (2018): 432

441.
2. Buller, M., Fellin, R., Bursey, M., Galer, M., Atkinson, E., Beidleman, B. A., ... & William3on,
R. (2022). “Gait instability and estimated cor

Journal of Sports Medicine, 56(8), 4461.
KEYWORDS:Infantry; Training; Heat; Safety; Monitoring, Wearables
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N231-058 TITLE: Alternate Lubrication Mechanisms for Small UAV and Attritable Weapon
Systems

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Renewable Energy Generation and Storage

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their cotny(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topibamagtricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop new and innovative lubricating fluid (oil, fuel, and/or grease) supply/delivery
system technologies for rolling element bearings in small Unmanned Xehale (UAV) engines

and/or attritable/expendable weapon systems to replace current architelcareds/ reducing overall

system weight, cost, complexity, and maintenance requirements/burden due to fluid leaks and lubricant
shelf life during extended stage.

DESCRIPTION:While numerous efforts have been made into enablinfyesl technologies [Ref 1] and
alternative bearings (including air [Ref 2] and magnetic bearings [Ref 3]), rolling element bearings
utilizing fluid lubrication remain prevalent with U.S. Navy platforms. Fluidlibricated rolling element
bearings provide excellent lo@drrying capacity, low friction operation, and damping properties when
properly lubricated [Ref 4]. Novel delivery methods for lubricants could allow for realizdtibie o
advantages of rolling element bearings without the drawbacks of the supporting hardware typically
required to provide lubrication supply [Ref 5].

Traditional flowrthrough and recirculating rolling element bearing lubrication systems which utilize
pressurized oil and/or fuel require parts such as supply/scavenge pumps, reservoirs, sumps,
plumbing/pipes, and seals, which can account for up to 30% of overall propulsion system weight, volume,
and cost in small limitetife engines. In addition, the shdife limitations of lubricants used in these

systems (such as oil, fuell mixtures, grease) can lead to corrosion or increased maintenance actions
during longterm storage. Innovative technologies which enable replacement of traditional lubrication
scheames for small, limitedife engines and attritable weapon systems are being sought to reduce total
system ownership cost.

It is recommended that the small business partner with a component or engine manufacturer, with
aerospace experience in UAV and/drittble systems, to increase potential of tech transition and future
commercialization. Transition will require collaborating with small engine Original Equipment
Manufacturers (OEMS) interested in dfimpreplacements, modifying current designs, or ipooating

new lubrication mechanisms within new engine designs.

PHASE |:Develop and subscale test a probiconcept mechanism which has potential to eliminate
traditional lubrication schemes. Design approaches should demonstrate, through tribological
experimentation, modeling, and/or subscale testing, the ability to prevent adverse surface deterioration
such as overheating, galling, spalling or seizure ofrotating mechanical systems under relevant operating
conditions for a representative UAV or attritablegine system architecture mission cycle. Relevant
applications of interest include mechanical systems supporting ranges d5@8Wbs of equivalent load
which can rotate anywhere between 15,000 to 75,0000 rpm at up to 250 degrees Fahrenheit far duratio
of 5 hours or greater depending on application.
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VERSION 3

engine systems for Phase Il activities. Develop detailed design of the concept(s) developed in Phase |
with a focus on development, design, and demonstration of-sciilk prototype UAV or attritable

engine system utilizing the novel lubrication mechanism proposed. Validation testing should be
performed under relevant engine operating conditions includads, speeds, and temperatures expected
for intended applications. Testing should provide comparison data against traditional fuel, oil, and/or
grease lubricated architectures and assess the feasibility of the designed system to replace these
architecturs. A preliminary assessment shall be made of potentialtkrng storage benefits.

PHASE 1l DUAL USE APPLICATIONS: Continue to improve upon any deficiencies in the technology
noted within Phase Il. Analyze and test the manufacturability, ease of itistalend logistical burden of
the lubrication method.

wi t

The commercial small UAV market is much larger than the military and would benefit equally from these
technologies.

REFERENCES:

1. Taylor, K.M.; Sibley, L.B. and Lawrence, J.C. "Development oéamic rolling contact bearing
for high temperature use." Wear, Volume 6, Issue 3, (1963)2206

2. Radil, Kevin; Howard, Samuel and Dykas, Brian. "The role of radial clearance on the
performance of foil air bearings." Tribology Transactions, Volume<tud 4, (2002): 48590.

3. Cl ar k, Dani el J . ; Jansen, Mar k J. and Mont
technol ogy for gas t—+P00BA131¢7 ardABHTR-8254, Augudt A, S A/
2004. https://ntrs.nasa.gov/citations/20040110826

4. DellaCorte, Christopher. "OFree shaft support system rotordynamics: Past, present and future
challenges and opportunities." Mechanical Systems and Signal Processing 29, 201-Z6pp. 67
https://lwww.sciencedirect.com/science/article/abs/pii/S088832731B30

5, Wongseedakaew, Khanittha, et al . “Th&oliho E
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N231-059 TITLE: Orbital Angular Momentum (OAM) Laser Transformer
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Directed Energy (DE)

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated materialrad services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origthe type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restrictethdue t
technical data under US Export Control Laws.

OBJECTIVE:Develop an Orbital Angular Momentum (OAM) mode transformer that spatially tailors
light beams for higipower laser applications.

DESCRIPTION:Fiber lasers are well suited to a varietyNafvy needs because they can create compact
high-power sources through active gain regions kilometers long, have a large surface area for cooling, and
exhibit high temperature and vibrational stability for extended lifetimes on moving platforms. These

lases have been primarily limited to infrared wavelengths betwe2microns, but recent advancements

that selectively excite Orbital Angular Momentum (OAM) modes of light in multimode optical fibers

have demonstrated powscalable methods to efficiently extd fiber lasers across the visible band [Refs

1, 2]. Current multimode fiber methods lack a robust spatial mode conversion device both for use at the
input of the fiber as well as to modenvert the output back into a high beguality Gaussiarshaped

beam.

This SBIR topic seeks the development of a small Size, Weight, Power and Cost-SWi#dele
transformation device that can receive multiple inputs from Gaushi@med beams of largeode area

(LMA) or conventional singlanode fibers (SMF) and convahem into desired OAM modes of a custom
fiber [such as in reference 2 and 3]. The mode transformer must be fully pigtailed with at least two,
preferably three, LMA/SMF input fibers carrying light at 1 micron, 1.5 microns and 2 microns
wavelengths respeutly, and the fiber at the output in which each input wavelength should be converted
to a specified OAM mode of first radial order and angular order L, respectively. While any specific
device would yield outputs at two specific OAM values of L (three pred, the range of desired OAM
values L may vary between £5 and +40, based on the application. Output mode purities in the output fiber
(as measured by standard interferometric techniques such as [Refs 4, 5, or others] should exceed 10 dB
(15 dB preferald) and overall device losses should be

An intermediate step towards device development may involve demonstrating OAM mode outputs in free
space rather than in the output fiber, and for such proposals, it is important for the performer to provide
guantitdive metrics that connect the attributes of the free space mode with the one that would eventually
be obtained in the output fiber. For instance, a proposedjfraee demonstration would have to be much
lower loss than 1 dB to account for subsequent dogiibsses into the desired OAM mode of the output
fiber. Performers are free to explore one or a combination of several promising smallCSwade
transformation technologies such as metasurfaces [Ref 6} ptautte lightwave converters,[Ref 7] free

form optical setups, fibebased [Ref 8] or 3Bvritten[Ref 9] photonic lanterns, or other suitable

technology approaches not listed here. (Approaches relying on bulky devices such as spatial light
modulators will not be considered competitive.)

PHASE |:Devebp detailed simulations that could result in a fully designed optical system. The design
should be capable of achieving the highest output OAM values within the loss, purity, and power
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handling specifications mentioned above. Experimentally demonstratedsyhigh mode purity, and

high power handling attribute of at least one (preferably all) component(s) within the designed system. It
would suffice to demonstrate frepace modes at this juncture, though fiber would be available to further
test performace if sufficient progress is made in program goals.

PHASE II: Deliver a compact device with two (three preferred) LMA/SMF pigtails, each carrying a

different wavelength (1 micron, 1.5 microns, and 2 microns) at the input yielding three desired OAM

modesn the output fiber (each wavelength input mapped to one specific OAM mode at the output).
Demonstrate all performance metrics in the perfor.
the Government for testing. The specific OAM values L &edkind of fiber to be supplied will be

subject to Government requirements during the execution of this phase.

PHASE Il DUAL USE APPLICATIONS Incorporate the mode transformer into a laser for use in a
planned ONR Innovative Naval Prototype. Mode trammfdion technologies are already playing a

critical role in several commercial applications such as stgsedution biological fluorescence

microscopy, spacdivision multiplexed optical communications systems for a tremendous increase in
optical fiber badwidth, modalities for imaging, and -@ptical machine learning and image processing.
The technology developed in Phase Il is expected to impact several such applications in addition to the
Government’ s i nt e rpenerlasersiannesthrelarcewawelerigthsy hi g h

REFERENCES:
1. Demas, J. ; Prabhakar, G.; H e -agilerhighpawerdsouRresma ¢ h a n d
via fourwave mixing inhigheor der f i ber modes.” Opt. Exp. 25,

2. Liu, X.; Christensen, E.N.; Rottwitt, K. aliRla mac handr an, Svave miNmy withi near
enhanced diversity and selectivity via spin an
Photonics 5, 010802, (2020).

3. Liu, X.; Ma, Z.; Antikainen, A. and tRaagnachandr
with topologically induced chirality of |light.
4 Bozinovi c, N. ; Gol owi ¢c h, S. ; Kristensen, P. an
momentum of Ilight, with optical fibers.” Optic
5. D' Er co, A. D' Amel i o, R. ; Piccirillo, B. ; Card

orbital angular momentum spectrum and spatial mode decomposition of structured light beams."
Optica 4, 1351357, 2017. https://opg.optica.org/optica/fulltext.cfmoptica4-11-
1350&id=375926
6. Devl! i n, R. C. ; Ambr osi o, A. Rubi n, A -toN . ; Muel |
orbital angul ar momentum co%ttersion of I|ight."”
7. Labroille, G.; Denolle, B.; Jian, P.; Genevaux, P.; Treps, NMorizur, JF. "Efficient and
mode selective spatial mode multiplexer based on +platie light conversion." Opt. Express 22,
1559915607 (2014).
8. Eznaveh, Z.S.; Zacarias, J.C.A.; Lopez, J.E.A.;. Shi, K.; Milione, G.; Jung, Y.; Thomsen, B.C.;
Richardson, OJ.; Fontaine, N.; LeeBaval, S.G. and Correa, R.A. "Photonic lantern broadband
orbital angular momentum mode multiplexer." Opt. Express 26, 380831 (2018).
9. Thomson, R.R.; Birks, T.A.; LeeBaval, S.G.; Kar, A.K. and Blardawthorn, J. "Ultrafast lase
inscription of an integrated photonic lantern." Opt. Express 19,-5808 (2011).

KEYWORDS:High power lasers; Orbital Angular Momentum; Mode transformations; Spatial beam
shaping; Multimode fibers; metasurfaces; multiplane lightwave convertergrid@en photonic lanterns
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N231-060 TITLE: Predictive Tool for Aging Effects on Performance of PhenBised Thermal
Protection Materials

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

The technology within this topic is restricted under the International Traffic in Rexgsilation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dualse items. Offerors must disclose any proposed use of foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with then&ament.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop an innovative approach for the prediction of performance vs. age of phenolic
based composite thermal management materials such that the service life can be predicted.

DESCRIPTION:Carbon/phenolic materials are very effective in providing thermal protection to

underlying substrates in high heat flux, short life applications suSlamarindaunched Ballistic

Missile (SLBM) Reentry Body heatshields, missile nozzle skirts, and Vertical Launch System liners.
However, it is suspected that the physical/chemical characteristics of phenolic materials change with age
(since manufacture) drthat these changes may affect the performance of these materials in applications
with extended storage/service lives prior to use.

Performance of phenolic ablator materials in reentry and other Navy applications are evaluated with
legacy ablation/deconggition codes such as CMA [Refs 4, 5], FIAT [Ref 6], or the more recent ICARUS
[Ref 7]. These codes all operate with a single set of age = Zero physical, thermal, and chemical
parameters for the base phenolic resin material. One key performance méicnaitérial is the baek

side temperature rise at “time = t seconds” aft
years after manufacture/ deployment”. Also of in
mechanical properties with piin or other location parameters. Changes that would predict or give insight
into activation of accelerated ablation mechanisms or surface roughness development are particularly
useful. It is also highly desirable to integrate the predictive methodoltmy icurrent generation

Thermal Management System ablative/decomposition code of the type developed from the Charring
Material Ablator (CMA) legacy code [Refs 4, 5].

The goal of this SBIR topic is to develop models, parameters, and algorithms thatqiredges in these

base parameters with age or storage life and other environmental conditions, and to embed or integrate
these models, parameters, and algorithms into a current generation CMA code. It is expected that models
should be able to predict ageated performance effects up to 60 years after manufacture. The ability to
predict changes in surface removal rates and changeslépih ablation mechanisms by effects such as

ply separations,p¥ i ft or *
been evaluated in order to gain insight into potential aging mechanisms [Ref 8]. Models and tools
developed in the subject effort should identify possible accelerated or artificial aging mechanisms.
Identification of an accelated aging method(s) and execution of the code/tool against an accelerated
aged material will be a key aspect of code validation.

PHASE I:Seek to understand the phenolic aging phenomenon and identify basic aging mechanisms

amenable to algorithm developnieldentify a path forward for implementation of the algorithm(s) into
one of the current or legacy CMA codes.
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PHASE II: Further develop the algorithms and identify underlying material physical/chemical/thermal
parameters that are affected by age. Aiptee performance tool based on age shall be developed and
validated. It is anticipated that this tool will be based on one of the current or legacy CMA codes.
However, if not, an alternate approach that is amenable for an age T=0 baseline/initighdemga as

well as predictive performance at T=XX years must be proposed. Accelerated aging methods may be
utilized but must be proven as activating the appropriate phenolic aging mechanisms. Samples of Navy
aged and unaged (ndactical) materials may beade available to Phase Il awardees for this purpose.
Identification of a nordestructive, or irsitu assessment technique to go along with the predictive tool
development would also be of interest.

Demonstrate the predictive capability of the tool usiogtactor or Nawysupplied materials, an
accelerated aging method, and laboratory oijetrablation testing.

PHASE Il DUAL USE APPLICATIONS:Phase Ill opportunity to perform predictive age assessments of
current fielded hardware onjunction with an ongoing surveillance program or predictive age
assessments of new build hardware for new programs and development/execution of an appropriate
sampling strategy.

Phenolicbased composite material thermal protection systems are usaurimeccial space applications
and by NASA. These components will be subject to similar concerns with regard to performance after
time in storage, or performance during planetary reentry after extended mission times.

The overall commercial product from shactivity is expected to be a phigfor a legacy code or a-re

write of an existing decomposing ablator code taking advantage of current computer coding
developments. This pluign or code would be attractive to many Navy/DoD components, such as Navy
Straegic Systems Programs (SSP), and Primes developing phenolic composite heatshields for future
applications as well as NASA and commercial AcdesSpace entities. Such a code would also be of
interest to current programs seeking to extend the servia# lifeeir in-service materials.

REFERENCES:
1. Navy Mk5 SLBM.https://www.navy.mil/Resources/Faétes/Display
FactFiles/Article/2169285/tridediit-d5-missile/
2. Lockheed Mk41 Vertical Launch System. Lockheed Martin, PIRA# MOR201903003, 2019.
https://www.lockleedmartin.com/content/dam/lockhemdrtin/rms/documents/navilunchers
andmunitions/MK41_VLS_Vertical_Launching_System_Product%20Card_8.5x11_042419.pdf

3. Hal | W. B. et al . “Final Report: Standardi zati
Volume 1." NASA Techni cal Report, August 31, 198
https://ntrs.nasa.gov/search.jsp?R=19890000756

4, Moyer , C. B. “User’'s Manual for Aerot her mal Cha
Progr am, Version 3, Vol ume | .7 DTI C AD87506 2,
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5. Chan, CcC. C. “Modi fications to the Aerother mal C
Program (CMA) for Carbon Abl ation Analysis.” D
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https://software.nasa.gov/software/ARG7791A
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Ther mal Response Code dRockets, Yab 65 Noadl Jubauust2@lad.c ecr af
https://arc.aiaa.org/doi/pdf/10.2514/1.A34184

8. Mano|j Abr aham, D.S. ; Kanagasabapathy, H. and J
Ef fects in Phenolic Abl ative CeQUIQpppsdelt es.” Appl
469.https://www.naturalspublishing.com/files/published/5s3110758vnux0.pdf
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N231-061 TITLE: Verification of Intelligent Autonomous Systems Containing Artificial
Intelligence Components

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

OBJECTIVE:Develop a usefriendly toolbox of methods for verification of neural network and

computer vision elements at both the individual component property level and at theleystdor
closedloop intelligent autonomous systems. Methods should be automated and scalable to the greatest
extent possible and assist the user in applying to complex autonomous systems in challenging naval
environments.

DESCRIPTION:Neural Networks ath related methods in Computer Vision are being considered for a

wide range of future autonomous naval systems, including in roles that have some degree of safety, time,
or mission criticality. A safety critical example would be the use of computer visiarparceptual

mechanism for aerial probe and drogue refueling. In this task, a tanker aircraft puts out a fuel hose with a
stabilizing drogue that trails behind the aircraft. An intelligent autonomous air system would need to
maneuver in close proximity tthe tanker in order to safely attach a refueling probe to a coupler
mechanism on the end of the hose and to maintain a safe relative position and state while making the
transfer. A mission critical example would be an autonomous undersea system searehngausing

sidescan sonar imagery and a color camera and using neural nebasekismethods to identify the

ocean bottom type, detect and classify objects of interest on the sea bottom, and determine their pose. A
time critical example is autonomouawuigation and semantic mapping of dynamic, coastal areas with low
cost, expendable autonomous systems without GPS within a specific time window. In this case, neural
network and computer vision methods could be used both in perception, reasoning, &etbivirde

effective policies for discovering and identifying missiahevant and area accesdevant relationships
between geometry, mapping, objects, and entities.

The last five years has seen significant advances in methods for verification of emsexftneural

network and computer vision more broadly at both individual component and systems level (e.g.,
Maribou, Verisig, Fast and Complete, Robustness Analyzer for Deep Neural Networks (ERAN), Neurify,
Runtime Shielding, other reachabilipased metbds, etc.). These methods provide alternatives such as:

(1) Transforming or approximating the Artificial Intelligence (Al) element into a symbolic abstraction

that lends itself better to verification, guaranteeing properties or proving the absence sdréalver

examples, (2) Making verification part of the learning process with the goal of directing the learning to
have a set of desired properties that can be quantified during learning, or (3) Ensuring the desired global
properties at a systems level, sashwith runtime shielding, reward shaping, watchdog monitoring,

barrier certificates, etc. to protect against outputs that would lead to the system entering an unsafe or
otherwise undesirable state. The methods individually have different challengasasrof (1) their

ability to express in their model or scale to realistied and scope naval problems, (2) the extent to
which they can currently be automated sufficient]l)
user to hand tailor tlirrown proofs for each new application), (3) the degree to which they might
overprescribe or constrain the design or implementation in overly conservative ways. Thus, there is a
strong need for the creation of user friendly software toolboxes that maleentiethods more broadly
accessible to a wide range of practicing engineers and computer scientists working on different naval
intelligent autonomous systems problems.

PHASE |:Determine a planned set of methods and their functionalities that will be indlbox and
develop an initial version with an initial limited set of methods with sufficient functionality to
demonstrate feasibility and allow some limited experimentation and demonstration. Experiments with
methods may be done with lefidelity simulaion elements to show their value on particular use cases.
Simulation may include some limitezbmplexity environmental models, vehicle models, sensor models,
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and communications models, depending on what would be most suitable to examine the particular
appoach. Develop metrics to evaluate the system in Phase Il.

PHASE II: Further refine the toolbox design and develop aversion with a broad set of methods that can
extend to a greater range of autonomous control algorithm, mission, and environmentahsituratio

system types in a more complex dynamic and unstructured environment. Experiment on naval use cases
with a mediurdfidelity simulation and sufficient autonomy components to conduct and report on
experiments and comparison with benchmarks. If feashlgeriments may also be conducted with the

use of inexpensive unmanned vehicles or other hardware. Experiments should include a focus on
determining the sensitivity of the tool to a variety of factors. Revise evaluation metrics as necessary.

PHASE Il DUAL USE APPLICATIONS:Develop more usdiriendly version of the toolbox with

expanded functionality and sufficient support to be usable by a broad range of engineers and computer
scientists in support of areas such as Unmanned Air Systems (UAS), Autorignumrsea Vehicles

(AUV), Unmanned Sea Surface Vehicles, (USSV), autonomous cars, and ground and industrial robotics.
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13. Naik, N., & Nuzzo, P. (2020, December). Robustness Contracts for Scalable Verification of
Neural NetworkEnabled CybePhysical Systems. In 2020 18th AGIEEE Interngional
Conference on Formal Methods and Models for System Design (MEMOCODE)}{2p. 1
IEEE.

14. Pacheck, A., Moarref, S., & Kre€zazit, H. (2020, May). Finding missing skills for hitgvel
behaviors. In 2020 IEEE International Conference on Robotics atuination (ICRA) (pp.
1033510341). IEEE.

KEYWORDS: Neural Networks, Computer Vision, Verification, Autonomous Control, Intelligent
Autonomy, Verification and Validation
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N231-062 TITLE: High Power Microwave (HPM) Solid State Amplifier Topologies
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Directed Energy (DE); Microelectronics

The technology within this topic restricted under the International Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regu{&#dr), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for awoplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a radio frequency (RF) Sblstate Power Amplifier (SSPA) topology specific to
high power microwave (HPM) applications for use either as a-stkomg source or in an array, capable
of generating a variety of waveforms while exploring the traifidbetween power and bandwidth.
Propcsed solutions could cover pulse widths ranging from nanosecond to microseconds. Frequency
interests span L, S, C, and X band SSPA topologies.

DESCRIPTION:Commercially available solid state RF power amplifiers (PAs) are designed to meet the
widest breadth of application and primary market needs. This involves a tradeoff between power, duty
factor, efficiency, cooling requirements, lifetime, and band widtietial consequences of this tradeoff

are connector loss, higher than necessary parasitics, poor volumetric power density, and very low or high
instantaneous bandwidth.

A PA topology optimized for HPM applications would first optimize power coupledadiated antenna

while maintaining the best possible values for other characteristic parameters. Thus, the goal of this SBIR
topic is to consider design tradeoffs associated with maximizing power. A possible approach might be to
sacrifice linearity to marize power. Harmonic generation is of less importance as long as the total
energy consumed by harmonics is less than 10% of the total output power. Noise figure is not important
as long as total noise power is not a significant fraction of power out. A #te tradeoffs involved

with PA input/output and source/ load impedances (determined by stability and power/efficiency
requirements) on maximizing power out? While efficiency, duty factor, and lifetime are ultimately
important for HPM applications, i$ likely that they are not as severe as the requirements levied by most
Commercialoff-the-Shelf (COTS) applications. The goal of this SBIR topic is to develop a new amplifier
topology, suitable for HPM applications, that will be built and tested, infofoyeall the tradeoffs

discussed above.

Since this SBIR topic is examining solid state amplifier for both stand alone and array concepts, the
tradeoff between maximizing power out and minimizing jitter and phase noise is also of interest.
Instantaneoubandwidth is at the discretion of the proposer. Two possible realizations are of interest:
First, a very narrow but tunable instantaneous bandwidth for single or swept frequency applications.
Second a very wide instantaneous bandwidth for extremely shiegspor multiple simultaneous
frequencies. Both may be applicable to frequency hopping applications. The tuning time for the center
frequency of the narrow instantaneous bandwidth systems should be at or better thudrttstate. The

wide instantaneabandwidth system should have a minimum bandwidth of 1 GHz. It is also desirable to
be able to tune the center frequency of the wide band system.

While modifications of existing power amplifier class types are acceptable, new amplifier class types
and/a die level design, specific to HPM amplifier needs, are also acceptable for consideration.
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Key Performance Metrics/Goals:
The performance goals listed below define the outer edge of the desired outcome and are shown as an
example specific to aominal 2GHz center frequency; however, areas of interest span L, S, C, and X
band SSPA topologies, which are encouraged. It is not expected that the topologies will meet all the
design criteria. The topol ogy’ <sshdldbeishown oh aradare e t
chart, and will be judged based on how many of the performance parameters are met and what/how
tradeoffs are made to achieve those parameters.

1. Saturated power out: 5 kw at 2 GHz

2. Volumetric power density: should be atdeax better than the COTS equivalent

3. Narrow instantaneous bandwidth tuning: at or better thandaftéte-art for both speed and

frequency span

4. Wideband bandwidth: greater than 1 GHz

5. Harmonic generation: less than 10% of total output power

6. Duty cycle: greater than 50%

7. Power Added Efficiency: greater than 70%

8. Output impedance: 45 to 55 ohms

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Operated with no Foreign Influencdefined by DOD 5220.284, National Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Seice (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to perform on advanced phases of this contract
as set forth by DCSA and ONR in order to gain access to classifedation pertaining to the national
defense of the United States and its allies; this will be an inherent requirement. The selected company will
be required to safeguard classified material IAW DoD 52282#furing the advance phases of this

contract.

PHASE I: Conduct a feasibility study via simulation to assess thefatte-possible that balances the
tradeoffs specified in the Description section. The feasibility study should investigate all known options
that meet or exceed the minimum performancarmaters suggested in the Description. The study should
also address the tradeoffs and risks, in accordance with the level of innovation. Prepare a report to ONR
on designs, simulations, and a Phase Il testing plan.

PHASE Il: Develop scaledperational prototypes that demonstrate the concept(s) determined to be most
feasible from the Phase | study. Provide an amplifier prototype; a report containing designs and testing
results; and a Phase Il plan for prototype evaluation.

It is probable tht the work under this effort will be classified under Phase Il (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:The prototype amplifiers will be incorporated into stathohe

HPM systems. Demonstrate amplifier lifetime operating ammatched load. Deliver an amplifier

prototype and report containing designs and testing data. Detailed mission descriptions and effectiveness
requirements will be addressed at a higher level of classification.

REFERENCES:

1. R.S. Pengelly, S. M. Wood, W. Milligan, S. T. Sheppard and W. L. Pribble, "A Review of
GaN on SiC High ElectreiMobility Power Transistors and MMICs," in IEEE Transactions on
Microwave Theory and Techniques, vol. 60, no. 6, pp. 47&8, June 2012, doi:
10.1109/TMTT.2012.2187535
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N231-063 TITLE: Additive Manufacturing for Gradethdex Lens Apertures
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

OBJECTIVE:Develop methods for additive manufacturing (AM) of dielectric materials with structurally
varying densities, using a wider variety of materials to achieve a larger raefjective dielectric

constants. Methods may include AM source materials with a higher natural dielectric constant, multiple
different source materials, heterogeneous integration with planar printed circuit board or other antenna
structures, or selective tadlization patterning on AM dielectric structures, with the goal of higher
performance, more compact lens and filtering components.

DESCRIPTION:AM of dielectrics and metals is a promising area for novel microwave and millimeter
wave components. As withther AM areas, it enables rapid iteration of antenna designs and components
that would otherwise require significant tirnensuming manufacturing steps. In some cases, such as
gradedindex (GRIN) lens structures, AM is the only way to achieve a partidekign that subtractive
methods cannot.

GRIN lens structures require a spatially varying index of refraction. A classic example is the Luneburg
lens, which is ideally a sphere with a continuously increasing dielectric constant toward the center. This
cauwses incident plane waves to focus down on the opposite side of the lens, which is often used to
implement a higkgain antenna or a retrodirective radar cresstion (RCS) enhancement. Previous

methods of producing a Luneburg lens relied on creating reuttgmcentric shells, each with a discrete
dielectric constant. This produces a stépe approximation of the ideal gradient index profile, and while

a Luneburg lens with fewer shells is easier to produce, the beam sidelobes and aperture efficiency suffer
when used as an antenna. A sliced Luneburg lens structure using punctured dielectrics to tailor the
effective dielectric can more closely emulate the desired Luneburg lens profile [Ref 1].

Another downside of Luneburg lens structures is that they akg bob protrude from the surface where
they are installed. Planar GRIN lenses are better suited to conformal antenna applications and can still
provide some degree of focusing. These designs are created using transformation optics to morph a
Luneburg lenglielectric gradient into a planar design [Ref 2]. This requires significantly higher peak
dielectric constant values to achieve focusing over a thinner, planar volume.

To reach these higher peak dielectric constants, planar GRIN lens structures daitaedausing

multiple slices of different circuit board laminate materials typically available for planar microwave
circuits, similar to Rondineau et. al. [Ref 1]. These materials are available with adequate peak dielectric
constants for planar GRIN dgsis. To achieve an effective dielectric constant, sheets are drilled out with
specific hole patterns to remove material, such that certain frequencies see a lower effective dielectric
constant if the wavelength is somewhat larger than the feature size.

Planar GRIN designs using punctured printed circuit layers have a few drawbacks, which include the
significant number of drill holes required per layer and the number of layers. This increases the cost of a
planar GRIN aperture designed using traditionah@tgorinted circuit board (PCB) methods.

Additionally, improving the operating frequency range requires additional layers to ensure good
impedance matching. The planar design itself results iridead focusing over the outer edges, leading

to reduced apture efficiency without additional corrective elements [Ref 3].

To produce novel lens designs quickly, new materials are becoming available that allow for the creation
via AM of low-loss dielectric structures using photoresins. These allow for smalterdesizes

compared to other AM methods and potentially faster build speeds when batch printing. The Navy is
seeking methods of designing and producing planar GRIN lenses that leverage these new materials, or a
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hybrid combination of these materials witther methods for developing microwave/mwvave lensing
and antenna structures, that can operate over large bandwidths and challenging environmental conditions.

PHASE I:Design and test GRIN lens structures that can conform to a flat outer profile, using a
heterogeneous combination of ceramic photopolymer resins, other photopolymer dielectrics, and planar
laminate dielectrics if needed to cover higher peak dielectric constants. Test apertures should cover all of
K-band, with a scan loss exponent less thgredk sidelobes no more than@B down from peak gain

when steered at boresight, and no more than 15 dB when scanned to 50° off boresight. Other design
objectives should focus on: minimizing weight of the lens, preferably below one pound or otherwise
suitable for a large Group 1 or small Group 2 Unmanned Aerial System (UAS); maximizing aperture
efficiency with a desired efficiency greater than 50%; increasing the bandwidth and highest frequency;
and reducing the overall thickness of the lens between tee @anformal profile and the feed layer.

PHASE Il: Design and test GRIN lens structures that can conform to a curving profile such as the
fuselage of a small Group 2 UAS using a heterogeneous combination of ceramic photopolymer resins,
other photopolymedielectrics, planar laminate dielectrics if needed to cover higher peak dielectric
constants, and metalized structures that aid in tailoring the operating frequency or required thickness of
the aperture. Test apertures shall cover at leastte- 1®andwvidth with an objective of covering-20

GHz. Test apertures shall exhibit a scan loss exponent less than 2.5, peak sidelobes no medithan 20
down from peak gain when steered at boresight, and no more than 15 dB when scanned to 50° off
boresight. Otherekign objectives should focus on: minimizing weight of the lens; minimizing dielectric
and other efficiency losses; improving thermal properties of the structure when supporting microwave
power up to 10 kW; reducing the overall thickness of the lens bettheeouter conformal profile and the
feed layer; minimizing production costs; and any potential performance or material issues that might arise
in Naval maritime environments.

PHASE IlIl DUAL USE APPLICATIONS:Design, build, and assist the Navy wiitlhegrating a set of
broadband planar GRH¢ns apertures for a Naval communications, radar, or electronic surveillance
application, which has similar specifications as the test components built up in Phase Il. The effort will
also focus on translating tlgdesign principles of these apertures to beamforming for terrestrial 5/6G or
spacebased communications.

REFERENCES:
1. Rondi neau, S. Hi mdi , M. and Sorieux, J. “A s
and Wireless Propagation Letters, vol. 2, pp3-166, 2003
2. MateoSegura, C.; Dyke, A.; Dyke, H.; Hag, S. and Hao, Y. "Flat Luneburg Lens via
Transformation Optics for Directive Antenna Applications." in IEEE Transactions on Antennas
and Propagation, vol. 62, no. 4, pp. 19453, April 2014
3. Garcia,N. ; Wang, W. and Chi sum, J . “Feed co

rrect.i
antenna systems”, Optics Express 30.8 (2022)
KEYWORDS: Antennas; gradethdex lens; GRIN; additive manufacturing
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N231-064 TITLE: Reversible Replenishment Air Conditioning System
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Renewable Energy Generation and Storage

OBJECTIVE:Develop compact anehergy efficient technologies to reduce the latent loads of outside air
entering the ship during the summer while providing heat during the winter.

DESCRIPTION:The heating, ventilation, and air conditioning (HVAC) system is critical to the

functionalityof t he ship’s combat and damage control syst
health of the crew. Navy ships operate in-&knt humid environments. Latent loads from outside air, or
replenishment air, entering the ship typically represedite 20% of the total cooling load during the

summer, while sensible heating from heaters during the winter season creates a significant electrical

demand. Evolving battlepace doctrine, emphasizing operations in both the littoral and arctic, as well as
changing climate conditions, are further increasing these loads. Technologies are sought to condition the
outside air entering the ship to reduce the air conditioning latent load and improve system efficiency.
Compact, norhazardous, and efficient solutioase desired which minimize airside pressure loss while

reducing size, weight, and electrical power consumption of the shipboard HVAC systems.

In a typical system, weather air enters the ship through amésh screen prior to entering a moisture
separatr or a vertical lift in ductwork, followed by a preheater directly upstream of a vane axial fan,
which supplies the various shipboard spaces with fresh air. Typical air velocities through this ventilation
system ranges from 1500 to 2500 feet per minute.Weather air is supplied to various recirculation
systems, where it mixes with return air, prior to entering a filter directly upstream of the chilled water
cooling coils, which provides sensible and latent cooling when applicable. Exhaust systenes balanc
replenishment air but typically exhaust warm and often very humid air from spaces like laundry, scullery,
showers, toilet areas, electronic cabinets, and flammable storage lockers. Design temperature for outside
weather air during the summer is 90 degreahrenheit (°F) and 10°F during the winter. The design

relative humidity during the summer condition is 69%. Preheaters typical heat the air during winter
conditions from 10°F to between 45°F and 55°F. Moisture entrainment within the airstream is not
desrable and moisture should be disposed of by an appropriate drainage systems.

PHASE I:Develop an innovative, compact, and energy efficient approach to reduce air conditioning
latent loads and power consumption associated with bringing outside airdrsioiph The aiside

pressure drop should be minimized and not exceed 1 inch of water gauge. Validate design performance
through analytical modeling or subscale demonstration of components as appropriate.

PHASE Il: Demonstrate a working prototype of thestem sized for an airflow of 2000 cubic feet per

minute device sized for H®ns of cooling when exposed to design summer conditions and 30 kilowatts

of heat when exposed to design winter conditions.
variety of flow rates and inlet ddyulb and wetbulb temperatures at and between design routines.

Complete a cost analysis of concepts established to ensure the selected technology is competitive with
current approaches.

PHASE Il DUAL USE APPLICATIONS:Optimize the concept design for manufacturability,

performance and military requirements using the knowledge gained during Phases | and II. Improve the
effectiveness of the shipboard HVAC system to reduce size, weighpoaret of military and

commercial HVAC systems as well as other specialized thermal management systems.

REFERENCES:
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4. Fr ank, M. and Hel mi ck, D. “21st Century- HVAC S
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N231-065 TITLE: Metamaterial Enhancddicromirror Surfaces (MEMMS) for Enhanced
Infrared Beam Control

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy; Space Technology

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12A.30, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerorssiniisclose any proposed use of foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors ae advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop, optimize, and demonstrate fast, frequeagile, stimuliresponsive, and tunable
micromirror surfaces that autonomously protect sensors from damaging optical beams, while allowing
unobstructed transmission of rdamaging wavelengths and intensities in tHeBn band.

DESCRIPTION:Digital micromirrors (DMDs, like those from Texas Instruments) are aegtiiblished
commercial technology that is routinely used in projection systems and could be incorporated into an
adaptive imaging system to detect and steer harmful light or heaesaway from sensitive imaging
equipment. While their high switching speeds (up to 12.5 kHz) and wavelength agnostic deflection are
advantages, many enhancements could be made. Creating an enhanced surface that outperforms current
micromirrors (e.g., faer, more compact, higher reflection, tunable open/close) through new processing
technigues, new shape memory alloys [Ref 15] or incorporation of metamaterials. Showing how
cooperative approaches can enhance micromirrors is the goal of this SBIR topic.

The ability to control strong lighinhatter interaction in liquid crystals [Ref 1], metamaterials [Re¥§ 2
epsilonnearzero (ENZ) materials [Refs 6,7], phase change materials (PCMs) [Refs 8,9}, micro
electromechanical systems (MEMS) [Ref 10], and sotenels [Refs 1114] suggest that these state

the-art materials systems can be leveraged to create smart surfaces that autonomously respond to bright
sources in a scene. For example, spatial light modulation (SLM) by metamaterials, holography,&nd liqui
crystals enables selecthagea light attenuation [Refs 1,2]. Digital metamaterials offer lenses and phase
modulators capable of light redirection and beam steering [Refs 3,4]iM¢éam optical responses in

Bragg reflector stacks and ENZ materials pdevanother potential route to autonomous light attenuation
[Refs 57]. Integrating these concepts with PCMs, MEMS, and migiroors may reveal new

opportunities and platforms for programmable SLM and beam steering [R&8ls Binally, soft materials

like liquid crystal elastomers and phaotsponsive hydrogels have recently emerged as new platforms for
autonomous manipulation of light [Refs-14], offering new abilities to create nano/microstructures that
move in response to light and platforms for piag and guiding laser beams. New capabilities in nano
/microfabrication may enable new, hierarchical approaches that combine multiple-stispolnsive

materials and architectures to further enhance adaptability.

Work produced in Phase Il may becomessified. Note: The prospective contractor(s) must be U.S.

Owned and Operated with no Foreign Influence as defined by DOD 5210 [Rational Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implementedand approved by the Defense Counterintelligence Security Agency (DCSA), formerly the
Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, in order to peidaradvanced phases of this contract

as set forth by DCSA and ONR in order to gain access to classified information pertaining to the national
defense of the United States and its allies; this will be an inherent requirement. The selected company will
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berequired to safeguard classified material IAW DoD 5220vR@uring the advance phases of this
contract.

PHASE I.Design a surface utilizing a micromirror array capable of autonomously deflectingawel

infrared light. Surface can utilize other matertal€nhance the micromirror or overall performance.

Model performance enhancement over existing-wede infrared (MWIR) deflecting surfaces through:
- Novel micromirror designs(e.g., NiTi bimorphs) (Objective/Threshold: include at least 1
cooperative apmach} Faster actuation speeds (Threshold> 1 ms response time; Objective: >1 ns
response time)
- Higher transmission acrosss3um (Threshold
- Higher blocking across-3 um waveband (Threshold:GD 4; Objective: OD6)

Discuss tradeoffs of design in ntieg these requirements and discuss implementation into a MWIR
imaging system and any limitations. Demonstrate key component validation of the overall model design.

PHASE Il:Based on Phase | modeling and proofs of concept, fabricate, test, and deman#tast one
operational MEMMS filter prototype that is appropriate for implementation into existing and/or future
Navy imaging systems. The prototype should be capable of autonomous optical responsesnsith sub
response times. The MEMMS filters shouéersibly cycle over 1075 times without suffering more than

2% degradation in response time, OD change, reflection, transmission, dormant state/position, etc. Using
a detailed analysis of system trades and input from appropriate stakeholders, proplosayatpaefine

and integrate the MEMMS filter prototype with a candidate imaging system of interest to or used by the
Navy or the Army. Depending on the target imaging system, the MEMMS filters should increase the total
size, weight, power and cost (SWa burden by 0.1% or less, should not adversely impact imaging
performance, and should allow normal imaging modality over typical ranges of brightness/lighting
conditions; more specifically, MEMMS filters under normal imaging conditions should not chiange t
system s modul ation transfer function by more thal

It is probable that the work under this effort will be classified under Phase 1l (see Description section for
details).

PHASE Il DUAL USE APPLICATIONS:Transition the newly developed MEMMiker technology to
commercial availability through the prime contractors that build these imaging systems, the original
equipment manufacturers that manufacture sensing components, other relevant optical and photonic
suppliers, and/or other partneringegment(s), as appropriate. Commercialization of this technology may
occur via the incorporation of one or more MEMMS filters anywhere in an imaging system (e.g.,
windows, lenses, shutters, FPA pixels, etc.).

Ideally, deliver a capability upgrade for deneant Navy Program of Record at the end of Phase Il in the
form of an imaging system that autonomously responds with no added cognitive burden to the user, and a
minimum added SWak burden.

Expected dualise applications include autonomous vehicl&SAR, border security, astronomy
telescopes (protecting radiation damage during imaging) and protecting civilian optical imaging systems
(e.g., thermal imaging of the sun).

REFERENCES:
1. Forbes, A., Dudley, A., & McLaren, M. (2016). Creation aedlection of optical modes with
spatial light modulators. Advances in Optics and Photonics, 8(2)2200
2. Fan, K., Suen, J. Y., & Padilla, W. J. (2017). Graphene metamaterial spatial light modulator for
infrared single pixel imaging. Optics Express, 25(2531825325.
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Proceedings of the National Academy of Sciences, 117(8)-3953.

14. Waters, J. T., Li, S., Yao, Y., Lerch, M. M., Aizenberg, M., Aizenberg, J., & Balazs, A. C.
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N231-066 TITLE: Radiative Transfer Software Suite for Targeted Remote Sensing
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

OBJECTIVE:Develop and demonstrate a software systemuthifies high resolution radiative transfer
modeling from the UV, optical, infrared, microwave, and radio wavelengths with a database of physical
earth system radiative spectra properties (including emission, absorption, transmission, reflection, and
scatteing) to inform a software package that supports purgoisen remote sensing sensor selection and
algorithmic development.

DESCRIPTION:With expanded proliferation of remote sensing tools, especially from satellite orbit,

there is a greater variation whvelengths observed with differing physical signals that result in non

uniform interpretation of phenomena. Specifically for sensing of the earth system environment, properties
of all the constituents of the land, water, atmosphere, and space envirb@vennique properties in the

EM spectrum. There are currently no consolidated capabilities to interrogate multiple/mixed physical
environments and their characteristics toward developing and optimizing remote sensing observation.
This SBIR topic aims tprovide that holistic capability to understand comparative observing

characteristics of environmental signals, focusing on two specific use cases: (1) developing new hardware
capability to optimally and generically observe desired environmental featorexéimple, determining

the top three frequencies to maximally differentiate cloud water, snow over land, and glaciated ice); and
(2) given legacy algorithms that leverage specific observing frequencies and bandwidths, optimally re
deriving those algoritheiusing the spectral characteristics of a new set of observing frequencies (e.g.,
porting products developed from one satellite constellation to another). While radiative transfer
technology is relatively mature, much of the focus of this effort will bddbntification, compilation,

and characterization of the physical spectra database and the software implementation for straightforward
model and simulation for a purpedédven target enhancement and background minimization.

PHASE I.Demonstrate the tbaical capability to leverage a radiative transfer model (such as RRTMG,
CRTM, or other related tool suite) and a set of selected physical radiative spectra characteristics in a
software suite to model multiple use case scenarios. Clearly scope thadellofgpossible

environmental characteristics in a possible physical database (including, but not limited to, oceanic states,
atmospheric water/particles/chemistry/thermodynamics from troposphere through thermosphere and
ionosphere, land surface characttics, and sea ice). Identify methodological details needed to run

radiative transfer modeling and calculate different use scenarios (such as algorithmic porting, new sensor
development, model and simulation for extrapolated new frequencies, etc.),ttighliautomated steps

from userdefined entries in a man-the-loop system. Develop a final summary report, including

literature review and overall conclusions and recommendations, to be presented at the end of this Phase.
Develop a Phase Il plan.

PHASEII: Conduct expanded technical development and validation of a robust prototype system for end

to-end modeling and simulation of radiative transfer characteristics of the earth system. Largely focus on

the development and validation of the database onigaiyadiative characteristics and the software

maturation, focusing on two specific use cases: (1) developing new hardware capability to optimally

observe desired environmental features (for example, determining the top three frequencies to maximally
differentiate cloud water, snow over land, and glaciated ice. This is only a display example, not a

requested solution.); and (2) given legacy algorithms that leverage specific observing frequencies and
bandwidths, optimally releriving those algorithms usirige spectral characteristics of a new set of
observing frequencies (for exampl e, porting the “
algorithm (DEBRA)” from MeteoSat to Hi mawari . Thi
solution.). The demomstion software package will include a fully connected radiative transfer model,

complete physical radiative spectra database as outlined in Phase |, and will be compatible with running
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from open source python data analysis libraries. Delivery of thetppet software package and final
verification report is expected at the end of this Phase.

PHASE 1l DUAL USE APPLICATIONSA prototype software suite that provides generic capability to
interrogate radiation spectra characteristics for different pherehsnpotentially wide use cases, both
within the earth science community and beyond. In addition to a more robust validation and verification
of the software capabilities, Phase Il efforts include expansion of frequency spectra for the radiative
transfer developing an expanded emissivity database for broader use case and material scenarios
(potentially for higher resolution surface characteristics), and refinement/optimization of software usage.
Developers of remote sensing tools and software engirefersg algorithmic uses, especially for the

earth system environment in this instantiation, will have immediate ability to leverage this work for their
efforts. More broadly, satellite, aircraft, sHipsed, and landased remote sensing all need infoliorat

on observed physical phenomena to properly calibrate their sensor and develop downstream applications.
Use cases span DoD, civil, and private sectors. Should this demonstration provide comprehensive
capability for the meteorological use case, this wdttogy could be ported to use cases beyond the
environment where radiative spectra database development would be useful.

REFERENCES:

1. Clough, S. A., et al. "Atmospheric radiative transfer modeling: A summary of the AER codes."
Journal ofQuantitative Spectroscopy and Radiative Transfer 91.2 (2005242483

2. Saunders, Roger, et al. "An update on the RTTOV fast radiative transfer model (currently at
version 12)." Geoscientific Model Development 11.7 (2018): 2¥437.

3. Lyapustin, Alexei, etla"MODIS collection 6 MAIAC algorithm." Atmospheric Measurement
Techniques 11.10 (2018): 57/5Y65.

4. Vicent, Jorge, et al. "Comparative analysis of atmospheric radiative transfer models using the
Atmospheric Lookup table Generator (ALG) toolbox (versiodR" Geoscientific Model
Development 13.4 (2020): 194957.

5. Hall, Forrest G., et al. "ISLSCP Initiative Il global data sets: Surface boundary conditions and
atmospheric forcings for laratmosphere studies.” Journal of Geophysical Research:
Atmospheres 11.D22 (2006).

6. Miller, Steven D., et al. "A dynamic enhancement with background reduction algorithm:
Overview and application to satellimsed dust storm detection." Journal of Geophysical
Research: Atmospheres 122.23 (2017}933.
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N231-067 TITLE: Cognitive Tactics, Techniques and Procedures (TTP) Synthesis
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

The technology within this topic is restricted underltiternational Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts730-774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by thésf accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Synthesize Atrtificial Intelligent (AFgenerated Electroc Support (ES) and Electronic
Attack (EA) Tactics, Techniques and Procedures (TTPs) in neaimeahagainst known legacy or
unknown/complex sensor waveforms using online and unsupervised Machine Learning Algorithms
(MLAs) based on redime collaboratre Tactical Situational Awareness and mission objectives for Size,
Weight, and Power (SWafepnstrained unmanned and/or manned naval platforms.

DESCRIPTION:Research will develop Agenerated, machine actionable ES and EA TTPs in near real
time using onine and unsupervised MLAs based oraafailable information and multhodality data
present in the Electromagnetic (EM) Spectrum for a single platform & across multiple collaborative
Manned/Unmanned naval platforms. Capabilities being developed include:
» Self and collaborative rediime tactical situational assessment and predicted TTP needs against
current and anticipated (near andtieam) adversary Intelligence, Surveillance, Reconnaissance
and Targeting (ISRT) systems and associated kill chaingtev&cmission objectives using
game theoretic algorithms and machine learning enhanced-gifotations.
« Mddimensional stochastic analysis for rapidd®cision making for supporting netgrm
tactical objectives and loAgrm strategic goals.
*  Anorhouslygenerated and machine deployable TTP seoodk, testing and implementation
that is reacting within an adversary’s sensor
adapting and refining the newly formed TTP based on subsequent obsexvatio
e Automat ed ddepvedandrestedtTTPs betwlen collaborative platforms to
support current and future engagements that permits continued adaptation and refinement of the
TTP from a collaboration perspective.

This approach extendgeyond traditional library lockip solutions that are typically pteaded in an on
board Mission Data File (MDF). This research and development activity is envisioned to initially
augment , and eventually replace, traditional Electronic Support MeaE$#®H {echniques
libraries/databases while reducing offline hurdemived TTP development, analysis, and testing timeline
by orders of magnitude.

Work produced in Phase Il may become classified. Note: The prospective contractor(s) must be U.S.
Owned and Ograted with no Foreign Influence as defined by DOD 5220M2Rlational Industrial

Security Program Operating Manual, unless acceptable mitigating procedures can and have been
implemented and approved by the Defense Counterintelligence Security Agency)(Da8wrly the

Defense Security Service (DSS). The selected contractor must be able to acquire and maintain a secret
level facility and Personnel Security Clearances, to perform on advanced phases of this contract as set
forth by DCSA and ONR to gain ac=eto classified information pertaining to the national defense of the
United States and its allies; this will be an inherent requirement. The selected company will be required to
safeguard classified material IAW DoD 5220/2during the advance phasesthis contract.
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PHASE I|:Define, develop, and deliver algorithm designs, architectures, flow diagrams, and processes
that clearly articulates how the program’'s object.i
into researchevel or prototype @de during Phase Il activities.

PHASE II: Develop, document, demonstrate, and deliver resdaveth or prototype code, libraries,
executables, and necessary software artifacts thai
capabilities as defirtkin Phase |. A Subsequent Phase Il award would further mature, demonstrate,

validate, and deliver researtdwvel or prototype code, libraries, executables, and necessary software

artifacts to support accelerated transition to the PrograRecord.

It is probable that the work under this effort will be classified under Phase Il (see Description section for
details).

PHASE Il DUAL USE APPLICATIONSIntegrate the Phase Il developed software with abaard

flight computer and Electronic Warfare systeftight test the completed prototype system in a tactiecally
relevant environment, and integrate into a future FNC program for transition to a naval unmanned, and/or
manned airborne platform.

Work products and deliverables are expected toldssified.

REFERENCES:

1. Pehl evan, C. and Ch Krspredhkline Unsugerviset! I¢amingo s ci enc e
Al gorithms: Artificial Neur al Net works.” | EEE
Nov-2019.

2. Loaiza, F.; Wheel errial Sdrvey annAtiTednologiew &pplicapletd . “ A Pa
Aut omated Source Code Generation.” FA79G i tute f
Sep2019.

3. Le, T, H. M. ; Chen, H. and Al i Babar, M. “Deep L
Generation: Models, Applicatbs and Chall enges.” ACM Computing
May-2021.

4, Raj eswar an, AL Mor dat c h, | . and Kumar , V. “OA
Reinforcement Learning.” Proceedings of the 37
Learning, PMLRVol 119, 2020.

5. Al brecht, C. ; Mari anno, F. and KIl ei n, L. “Aut o
Geospatial Machine Learning.” 2021 | EEE Intern

KEYWORDS: Autonomous Tactical TTP Generation; Tactics, TechniqudsPaocedures; Online,
Unsupervised Machine Learning; Automated Model Generation; Compressed Model Representation;
RealTime Analytics; SWaRConstrained Platform Processing; Data Compression; Automa
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N231-068 TITLE: Cryogenic SolidState Thermal Energy Storage
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Advanced Materials

The technology withithis topic is restricted under the International Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administr&egulation (EAR), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks itended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a cryogeniemperature retaining material that can maintain its cryogenic
temperature for a time period of42hours without substantially increasing the final system weight.

DESCRIPTION:The U.S. Navy has been investigating the use of-tégiperature superconducidor

nearly four decades. A key aspect of the superconducting system is the need to keep the conductor at a
cryogenic temperature. Typically a cryocooler is a major component of the overall superconducting
system; however, certain applications may lité tise of an active cryocooler. There may also be times
when a cryocooler may not have power, such as when the ship pulls into port and generators are powered
down when switching to shore power. This SBIR topic seeks a material that can retain the cryogeni
temperature in the superconducting system for a given time to either; operate without active cooling once
the operational temperature is achieved; or if there is a loss of power to the cryocooler and the system sitill
needs to remain operational for agyivamount of time.

One solution to this problem is to increase the overall thermal mass by adding large amounts of
conventional solid materials, such as copper. While doing so guarantees the system will take longer to
warm up, the entire system quicklydoenes too heavy to effectively deploy. Additionally, materials exist
which can maintain a particular temperature for a short amount of time by utilizing latent heat during
phase change; however, they are not tuned for such extreme temperatures anyl thgpisibn at least

one phase of matter. Such technologies have given rise to freezer packs used to keep food frozen while
not in a freezer.

Previous research attempts utilized a block of solid nitrogen capitalizing on the latent heat of
vaporization. fie expansion and sealing at gas phase were problematic. The large expansion ratio
between nitrogen gas and solid resulted in a nitrogen supply of several hundred times the volume of the
desired solid. Given the asphyxiation hazard associated with gasgogemin an enclosed

environment, liquid and solid nitrogen are not currently used on naval platforms as cryogens, and such a
solution is not desirable for this topic.

Alternatively, water has also been discussed as potential thermal phase changé ali&e nitrogen,

it does not expand as it heats up, but instead expands upon freezing by approximately 9%. Given the
vacuum sealed nature of superconducting system, this expansion, coupled with¢benpogssible

nature of water, can potentially rdétsim system damage if the expansion is not properly accounted for.
Certain materials undergo scekwlid phase change, and others have such low expansion ratios upon
phase change that they can be encapsulated without concern of system damaggkehsgich
technologies a more attractive alternate for naval use.

The topic seeks to develop a fully encapsulated material with negligible expansion, or a solid material that
can retain the operational temperature of 30 K on the ordeddfdurs, withat increasing the total
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system weight by more than 10%; (i.e., if the superconducting system mass is 5000 kg, the total mass of
the thermal energy system (including auxiliary hardware) must remain below 500 kg). The volume of the
system must also be bal@&acwith the weight restrictions. The solution must retain 30 K with a 100 W

heat load for at least 2 hrs. Longer timelines or higher heat loads are more desirable. The solution must be
stable not only at 30 K but also at 313.7 K (elevated room tempetainck) must withstand the thermal

shock of cooling down from 313.7 K to 30 K. The solution must remain viable for over 10,000 cool
down/warmup duty cycles. Lastly, the solution must be affordable to the Navy for implementation into a
superconducting syasm and should be as lesost as possible.

PHASE |:Conduct a feasibility analysis of the technological ability to meet desired performance
specifications. Demonstrate the design and manufacturing concepts through modeling, analysis, and
benchtop testingdentification of size, weight, nominal performance, performance at cryogenic
temperatures, and warap times shall be documented. Upon a feasible solution the awardee, shall
perform a cost estimate, for both prototype development anddalé productin. The Phase | Option, if
exercised, includes a detailed design and specifications to build a prototype during a Phase Il effort.

PHASE II: Develop, design, and fabricate a functional prototype of a cryogenic phase change material for
temperature retentio. Commence with characterization of key
facility or other suitable test center identified by the offeror. Provide a wartime of the solution under

various heat loads that may be experienced by a cryogenic systéwerfhe Phase Il prototype to the

Navy for further testing. Submit all maintenance and integration relevant designs and drawings of tested
solution in addition to any updated designs, design changes, and related drawings that result from lessons
learneddiscovered during prototyping. For material based solutions full Safety Data Sheets shall be
required.

PHASE Il DUAL USE APPLICATIONSIf successful demonstration of the technology is achieved, the
transition of the development will lead to the sustailitst of a superconducting system if there is a

failure of the cryogenic refrigerator, or if there is no cryogenic refrigeration system available for a short
time. This will enhance Fleet readiness when deploying superconducting systems in the FleetreTher
several superconducting systems that are currently being transitioned to the Fleet and this technology may
be implemented in future upgrades to those systems, or in superconducting systems currently in
development.

Additional use of thisgechnology in the commercial sector may be implemented in superconducting
systems being developed for the wind power generation market, resilient power grid, superconducting
propulsion for aviation, and/or existing medical devices such as MRIs.

REFERENCES

1. Lee, Jisung; Jeong, Sangkwon; Hee Han, Young and Park, Byung Jun. "Concept of cold energy
storage for superconducting flywheel energy storage system." IEEE Transactions on applied
superconductivity 21, no. 3 (2010): 222224.

2. Bugby, D.; Marland, B. an8touffer, C. "Development and testing of a 35K cryogenic Thermal
Storage Unit." In 41st Aerospace Sciences Meeting and Exhibit, p. 343. 2003.

3. Suttell, N.; Zhang, Z.; Kweon, J.; Nes, T.; Kim, C.H.; Pamidi, S. and Ordonez, J.C. "Investigation
of solid nitrogen for cryogenic thermal storage in superconducting cable terminations for
enhanced resiliency." In IOP Conference Series: Materials Science and Engineering, vol. 278, no.
1, p. 012019. IOP Publishing, 2017.

4, Shamberger, Patrick. MeCdal ifrog ®aehpmascei tCh afmiggeu rMa t
Journal of Heat Transfer, vol. 138, February 2016. DOI: 10.1115/1.4031252

5, Jankowski, N.R. and McCluskey, F.P. “A review
component thermal buffer i5851561. Appl i ed Energy 1
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N231-069 TITLE: High-Rate, Reduced Life Cycle Cost Airframe
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Trusted Al and Autonomy

OBJECTIVE:Develop technologies in the areas of 1) structural concepts, 2) designalysis methods,
3) materials and processes (M&P), and 4) manufacturing that enable lightweight airframes with reduced
total life cycles cost while being compatible with higite production.

DESCRIPTION:To enable successful manredmanned teaming (MUM)-based Concept of

Operations (CONOPS), a sufficient number of Unmanned Aerial Vehicles (UAVsS) must operate with
manned assets. This requires that the total life cycle cost of UAVs must be much lower than that of the
manned assets such that enough gtiesittan be acquired and operated. Here, the total life cycle cost is
defined as the nerecurring development cost (engineering, tooling, capital equipment, etc.), recurring
production cost, and sustainment cost. As important, those quantities of UAYVbaracquired in a

relevant time period-i.e., a higher production rate than current state of the art must be achieved.
Moreover, both goals-reduced life cycle cost and high productionfateust be achieved without
excessive loss in structural efficiencye(i weight) and aerodynamic efficiency (i.e., geometric/assembly
tolerances).

In order to address these three constra#es., reduced life cycle cost, high production rate, and
maintenance of relevant efficiencieshis SBIR topic seeks solutions in tfelowing areas. The
proposal should address both approaches but may emphasize one over the other:

DESIGN AND ANALYSIS METHODS:
The cost and time of engineering development of a new airframe is dependent on the chosen structural
concepts and the methoalsd tools to design and optimally size them. However, in meeting the cost and
schedule goals, the structural efficiency must be maintained to some level. Hence, cost, schedule, and
performance goals can be met with automation in design, analysis, antafbimmethods. Examples
include:
e Tools and methods to reduce the nonrecurring
internal loads models
e Tools and methods to reduce the nonrecurring
structual concepts for multiple failure modes, including the ability to define-based failure
criteria and associated allowables
« Re | +basddisttucturalsizing methods and implementation of the methods in above tools
for sizing. Goal is to be abte size the airframe to meet a Single Flight Probability of Failure
(SFPoOF) requirement
e Tools and methods for 1) automated conversio
element model (FEM) from above to CAD/manufacturable laminate desigibudlistn, and
inversely 2) automated mapping/conversion of CAD laminate design distribution to FEM

M&P AND MANTECH:
High-rate production of low cost airframe will require novel M&P solutions and manufacturing methods.
The focus of these methods should be@ducing the recurring cost of production with consideration for
economic viability of investment in nenecurring cost items. Desire is to reduce touch labor and not the
labor rate. Note that the M&P and ManTech solutions must be integrated and priogesker.
Examples include:
e Mall eable composites (e.g., thermoplastics,
joining/assembly methods. Advancement of malleable composite M&P and manufacturing
methods must be in the context of compatildectural concepts (acreage and joints) for
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maximum structural efficiency and include the assessment of degraded material properties on
structural weight at componertr vehiclelevel. Fieldrepair methods should be considered.

* High t ol ee, highate composite giractures assembly methods. Two tolerances
must be addressed: 1) tolerance within build of an assembly (such as wing or fuselage sections)
and 2) tolerance between asserriohassembly mating (such as outboard wing to center wing,
wing-to-fuselage, etc.).

KEY AIRFRAME PARAMETERS:
e Structural assembly size of at |l east 15 ft x
at least 40 ft x 6 ft x 6 ft. This is to provide context for the size of assemblies that partsitabricat
and manufacturing methods must address.
 50% r e d urecturiing enginegringrdesign development and recurring production cost
for air vehicle structures
e Production rate of 20 shipsets per month wit

PHASE |:Developconcepts for technical solutions in design/analysis engineering and

M&P/manufacturing solutions and demonstrate key aspects of those solutions. For example, for
design/analysis methods solution, develop a workflow/architecture and demonstrate keygrdhe of

entire workflow/architecture on a representative structural component. For new integrated

M&P/ManTech solution, subscale structural component (e.g., flat stiffened skin, single cell closed box

with joining concepts) should be designed and manufedtand preferably tested. For new materials

solution, coupofievel and/or elemerfievel tests should be performed to assess basic mechanical

properties such as unnotched and notched compression strengths, interlaminar shear and tension strengths,
preferaby to include moisture/temperature effect. For all proposed solutions, cost benefits should be
estimated.

PHASE II: Mature solutions using one or two representative but subscale compereng(swing,

empennage, or fuselage. Multiple replicates shouldesegned, built, and tested., Measure/demonstrate

time to completion of engineering design and analysis, time to build detailed parts, time to assemble parts
to component, tolerances achieved, quality achieved, learning curve achieved, and strucigiial stre
achieved. If responsive/flexible assembly approach is being developed, ability to reconfigure the approach
for different assemblies must be shown, either physically or virtually, with estimation of time to complete
reconfiguration. In the maturation$ the solutions, additional constraints such as subsystems/systems
integration should be considered. Prepare a final report and Phase Il plan.

PHASE Il DUAL USE APPLICATIONS Demonstrate integrated design, M&P, and manufacturing
solutions at full scaleomponent level with additional constraints such as subsystems/systems integration.
Show reduction in cost/schedule with relevant structural efficiency and aerodynamic cleanliness in a
repeatable manner. Potential use of the lessons learned in comtdéiiatarket should also be

explored.

REFERENCES:
1. Tuegel, Eric J. 2020. “Aircraft Structural rel
WPAFB, AFRL-RQ-WP-TR-202-0069. https://apps.dtic.mil/sti/pdfs/AD1111926.pdf
2. Hamilton, Thomas and Ochmanek, David 8.2 O . “ Op e-Costt Reusaple Uromanned

Aerial Vehicles in Contested Environments: Preliminary Evaluation of Operational Concepts.
Santa Monica, Calif.: RAND Corporation.

3. Mar x, William J.;, Mavri s, Di mi t rialyddfor and Schr
Theoretical Aircraft Produelion.” Journal of A
https://doi.org/10.2514/2.2348
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4 Barrer a, Ni chol as, ed. 2021. “Unmanned Aeri al
Series. New York: Nova Science Publishers

5. Mason, Hannfa , “Reprocessable thermosets and ther mop
|l andscape”, 2020, CompositesWorl d; https:// www
thermosetsaandthermoplastieepoxiesan-expandinglandscape
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N231-070 TITLE: Ultraviolet Solar Blind Sensors for Microsatellites and Small Satellites
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Space Technology

OBJECTIVE:Develop innovativenanufacturing methods to produce high quality ultraviolet (UV) and
Vacuum UV (VUV) photodetectors for use in space on microsatellites (microsats) and small satellites
(SmallSats) with strong visible wavelengths rejection.

DESCRIPTION:Improvements in thenanufacturing of UV and VUV sensors are needed by the Navy to
meet sensitivity and stray light rejection demands of compact optical systems designed for operation in
space on the next generation of microsats being designed to study the ionosphere,1,2,3 and
thermosphere4, and for use in other Navy applications. Availability ofduglity photodetectors will

allow for future mission growth. The Navy is seeking to foster the development of affordable optical
components and systems with broad applicatiopagabased remote sensing systems. Current detector
technology involves either fragile glass phototubes or photodiodes, both of which have unwanted visible
light sensitivity. Typical CubeSat UV sensors used in SmallSats have been commetbiasb#|f

(COTS) or custom photomultipliers with fragile components and require high voltages for operation.
Innovative detectors are sought with the ruggedness, mass, and material properties necessary to produce
high-quality spaceflight optical elements. Innovatieehniques are sought to develop solar blind

detectors needed for the new class of remote sensing instruments.

UV and VUV detectors used for remote sensing of the ionosphere, including PMTs arslatelid

sensors, typically feature an unwanted sengjtidtvisible light. These sensitivities are normally

attributed to impurities in the sensor materials. Goals are a ratio of 10"5 improvement in the UV/visible
sensitivity. Solidstate devices are preferred since they do not require high voltages andessjpoeer.

High purity, wide bandgap materials can be considered as well as innovative light filtering schemes.
Devices should be composed of compatible spacecraft materials, be low outgassing, survive at
temperatures 660°C to +60°C, and have the d@ito survive a NASA GEVS5 vibration specification

and thermal test environment, all typical of the requirements imposed for flight on small spacecratt.
Technologies proposed should not contain hazardous or high outgassing materials and should be capable
of being integrated into typical optical systems. It is desired that their containers be moderately
electrically and thermally conductive to avoid developing static charge and thermal gradients in space.
They should be durable and able to withstand noaptital component handling procedures. They

should be delivered in an optically clean state and be robust enough to withstand precision cleaning and
vacuum baking as part of normal spacecraft processing.

PHASE |:Develop and demonstrate concegasibility for an innovative UV and VUV sensor technology
meeting Navy needs for microsat optical systems. Demonstrate performance advantages over current
technology by producing sample devices that can be tested to Navy requirements. GSE circuits will be
provided that allow the Navy to test the devices in Navy facilities. While exact sensor responsivities are
not specified for Phase I, the awardee will establish that the device can be used in the UVC range with
windows and that it is capable of operatwigdowless or with MfF2 windows for the VUV region.

Focus research on visible light rejection and materials. The path to using this technology to produce VUV
detectors should be defined.

Proposed sensor concepts should meet the following thresholds:
Deliverable Design Characteristics:

Maximum sensor mass = 35¢g

Sensor area: = 1Imm”2

UVC sensitivity: 100 mA/W

UVC/Vis: > 1015
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Dark current < 10 nA

Survival Temp range50 - +60°C

Full sensitivity (windowless): for UV and VUV
Vibration, Shock, and Thermal: NASBEVS5

PHASE II: Develop a Phase Il prototype sensor of the > 1mm~”2 size class for evaluation in the VUV. The
prototype will be evaluated to determine its capability in meeting the performance goals defined in Phase
Il Statement of Work (SoW) and the Nanged for solar blind UV and VUV sensors. The prototype

design should provide collecting areas no less than 1mm”2 (objective), and should show applicability to
be utilized with various electronics and spacecraft architectures. Deliver a minimum oftfies®f

prototypes to the Navy for evaluation. Perform detailed analysis to ensure materials are rugged and
appropriate for Navy application. Environmental, shock, and vibration analysis will be performed. Optical
checks will include UV & VUV sensitivity, d& current, signal to noise (S/N), and UV/Vis rejection

ratio. Prototype windowless VUV sensors will be produced and tested.

PHASE Il DUAL USE APPLICATIONS Apply the knowledge gained in Phase Il to build an advanced
sensor, suitably configured forsanallsat application, including flight spares and interface electronics, and
characterize its performance in the UV & VUV as defined by Navy requirements. Working with the Navy
and applicable Industry partners, demonstrate application to a DoD SpaceofeatrP(STP) flight test.
Support the Navy for test and validation to certify and qualify the system for Navy use. Explore the
potential to transfer the UV/VUV sensor system to other military and commercial systems (NASA,
University, Optics Industry). Magk research and analysis shall identify the most promising technology
areas and the company shall develop manufacturing plans to facilitate a smooth transition to the Navy.

REFERENCES:
1. Budzien, Scott et al. “ Compar nnsianospheric second an
photometersusingenr bi t and | aboratory results.” SPIE P
and SmallSats for Remote Sensing Ill; 1113102 (2019)
2. Attril |, G. D. R. ; Ni chol as, A. C. , Routl edge, Gr
Reconstration CubeSat Experiment (CIRCE), In situ and Remote lonospheric Sensing (IRIS)
suite,” Journal of Space Weather and Space CIli

3. Nicholas, Andrew C., et al. "Triple magnesium ionospheric photometeMIR] instrument
overview." CubeSa and SmallSats for Remote Sensing V. Vol. 11832. SPIE, 2021.

4. Fritz, Bruce. Tiny Remotsensing Instrument for Thermospheric Oxygen and Nitrogen: A
Concept Study. NAVAL RESEARCH LAB WASHINGTON DC, 2022.

5. NASA General Environmental Verification Standard&€{s), Rev. A, GSFETD-7000 (2013).

KEYWORDS: Ultraviolet; UV; UV sensors; vacuum ultraviolet; VUV sensors, detector technology,
detector fabrication, spaceflight optics, spaceflight structures
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N231-071 TITLE: Compact Aerial Inspection System for Elevated and Small Spaces

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Microelectronics

OBJECTIVE:Develop and test a compact, stable aerial inspection system with sufficient endurance (e.g.,

> 15 minutes on station) capable of visually inspecting ship surfaces irctigfined, and elevated
spaces, with easyp-use pilot/visualization/inspection software tools at the ground station.

DESCRIPTION:Ship construction and sustainment requires that a multitude of tanks and internal spaces,

plus external surfaces, are prepjppechediated, coated, and inspected for quality. Currently, these su

rfaces

are manually inspected at every step in the process, typically in difficult to access spaces, requiring

personal protection and support equipment. Overall, there is a desire terenreduce the number of
dark, dirty, and dangerous jobs in the interests of worker safety and production efficiency.

The objective is to develop and test an aerial inspection system capable of visually inspecting ship

surfaces in tight, confined, antbeated spaces, with eayuse pilot/visualization/inspection software
tools at the ground terminal complementing a compact-éontyrance, stable airborne platform.
Currently available airborne systems capable of carrying the required sensor pagllcacharand and
control electronics have insufficient endurance to be able to perform much usable inspection.

The aerial inspection system consists of an airborne segment (the aerial platform), a ground segment (the

ground control station) and the commuations link between them. The air platform itself will need to
compact, longendurance, and stable while supporting visual inspection requiring a high resolution
camera with gimbal and illumination. The ground segment will need to support pitodispas well as

be
color

inspectionsupporting software. The communications link will need to be robust to ship environments,

accommodating metal tanks and indirect lioésite, while the entire system must be secure from an
encryption and cybersecurity perspee.

While drone and unmanned aircraft vehicles/systems (UAV/UAS) are available within the inspection

community, no commerciaff-the-shelf (COTS) drone capability has been able to meet the specific
requirements of naval inspectors. Some of these challengesntiuded size, stability, endurance,

cybersecurity, and compliance with the National Defense Authorization Act (NDAA) guidance on certain
covered UAS systems and parts. The endurance is a particular challenge when coupled with the small size
(width) requirement; COTS inspection drones have offered tethers to overcome endurance challenges,
however, while tethers can provide extended endurance, a tether may not be consistent with operating in
extended/tight spaces. The cybersecurity aspect is an argartbagenerally considered when designing

a drone, however, cybersecurity can have
Naval enterprise where collection of Controlled Unclassified Information (CUI) is likely.

General Requirements and Specifications:
Endurance: 15 minutes or greater (without any tether and outside of sight of the ground station
is desirable
Surface illumination: 50 foot candles; lighting system tolerant; able to compensate for reflective
surfaces; field of regard for the lighting and camera should include up/down/left/right
High-resolution, color camera: capable of human eye resolution
Si ze: No wider than 14.75 inches nor talle
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General System Regirements:
Easily portable in a ship environment
Capable of operating stably in confined spaces and operate in a GPS denied environment (e.g.
ship hull)
Compliant with NDAA and Executive Order 13981
Communications link: certified to FIPBI0-2 Encryption or viable path thereto (i.e., any added
hardware included in the endurance budget)
Required pilot interfaces for control; provided by ground station
User output from sensor package needed to perform its inspection mission: providedriysgation

e Hardening: capable of eventually being h
MIL -STD-28800)
» Desirable ground station requirements: U

e Capabl e n20mplowres at i ng i
e Capable of carrying 1 pound of addition
the highest priority) (Objective)

PHASE I.Develop concepts for an aerial inspection system meeting the requirements in the Description.
Demonstrate the feasibility of the concepts in meeting Navy and Naval Enterprise needs; and establish the
concepts for development into a useful product. Establish feasibility through material testing and
analytical modeling, as appropriate. Provide a PHadevelopment plan with performance goals and key
technical milestones that address technical risk reduction.

PHASE Il: Develop a prototype for evaluation to determine its capability in meeting the performance
goals defined in the Phase Il developmenn@ad the Navy requirements for the aerial inspection

system. Support Navy requirements for any flight operations, such as submittal of Navy Cybersecurity
Waiver Board interaction, submissions and approvals, and development of a system security plan.
Demorstrate system performance through prototype evaluation and modeling or analytical methods over
the required range of parameters. Use evaluation results to refine the prototype into an initial design that
will meet the Naval Enterprise requirements. PrepdPiase Il development plan to transition the
technology to Naval Enterprise use.

PHASE Il DUAL USE APPLICATIONS:During Phase lll it is expected that this product could go into
useful service in government and industry shipyards as well as assisbwdthsustainment activities.

This product could be leveraged in commercial shipyards, industrial plant inspection, and any application
requiring visual inspection in tight or confined spaces.

REFERENCES:

1. MIL-PRF28800- Test Equipment for use witllectrical and Electronic Equipment
https://quicksearch.dla.mil/Transient/18ADD73A31A541B88533E5FDA7868807.pdf
NDAA 2021 Section 848 https://www.congress.gov/117/plaws/publ81/PLARpubI81.pdf
Navy Drone Board information including DoD currently appro\g&vs
https://www.diu.mil/blueuasclearedlist
4. FIPS PUB 14 - FEDERAL INFORMATION PROCESSING STANDARDS PUBLICATION

(Supersedes FIPS PUB 1401994 January 11)

https://nvlpubs.nist.gov/nistpubs/FIPS/NIST.FIPS -P40df
5. Navy ManTech Project book f@roject: (S2788) Tank inspection using Drones.

https://lwww.nsrp.org/wggontent/uploads/2021/03/ManTeEmojectS2788TankInspection

UsingDrones.pptx

2.
3.
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KEYWORDS:Inspection, Drone; Unmanned Airborne Vehicle; UAV; Unmanned Airborne System;
UAS; Aerial inspetion system; Ground station; Confined spaces
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N231-072 TITLE: High Temperature Ceramic Yarn from Discontinuous Silicon Carbide (SiC)
Fibers

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)HypersonicsSpacelechnology

The technology within this topic restricted under the International Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regu{&#dr), 15 CFR

Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for apuplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a process in which shoticgin carbide (SiC) fibers are fabricated into a yarn
capable of integration into traditional weaving or braiding systems used to produce high strength, high
temperature ceramic matrix composites (CMCSs).

DESCRIPTION:Advanced aerospace vehicles and mangj including hypersonics, rely on CMCs in

order to operate under harsh aerothermal environments. Ceabaon (C/C) composites are most

frequently employed, but CMCs incorporating higher temperatures materials, such as Silicon Carbide
(SiC), Hafnium Dilwride (HfB2), Zirconium Diboride (ZrB), Hafnium Carbide (HfC), are being

investigated and are important for improved performance. One of the greatest challenges associated with
the production of high performance CMCs is the sourcing of needed materiatsyriibers. The

majority of carbon fiber manufacturers are foreign companies, and even procuring carbon fiber, which has
been a mature technology for more than 50 years, has its challenges. Additionally, much of the world
production of higher temperatugC fibers is controlled by foreign companies.

While most fiber processes utilize continuous fiber filaments, short fibers offer the potential for

alternative manufacturing methods and material. Short fibers in yarn form can increase the drapeability of
textiles, improve the processability of CMCs, and allow tuning of the thermal conductivity of the

resulting composite. It is anticipated that developing this technology will result in an expanded domestic

fiber supply for high temperature CMC componeifitsreduce supply chain risk and open up additional
sources of fiber for the Navy’'s future needs, thi:
produce high temperature yarn from short SiC fibers.

The yarn will initially be constructed from Gifibers, but it is desired that the process is material
independent in order to accommodate other high temperature materials. In order to have broad
application, the yarn must be of sufficient strength to interface with current weaving and braiding
proceses used in the construction of CMC preforms and textiles. For the yarn to yield high quality CMC
components, the fibers must have good mechanical and thermal properties and be sufficiently aligned
(target values to be provided upon contract award). Aaditly, fibers must be of sufficient length in

order to approach the properties of CMC yarns constructed from carbon fibers (properties include tensile
strength, thermal shock, creep resistance, high temperature resistance). Required rengevited

upon contract award.

The Phase Il effort will likely require secure access, and SSP will process the DD254 to support the
contractor for personnel and facility certification for secure access. The Phase | effort will not require
access to classified inforation. If need be, data of the same level of complexity as secured data will be
provided to support Phase | work.
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It is probable that the work under this effort will be classified under Phase Il. The prospective
contractor(s) must be U.S. Owned and Oetavith no Foreign Influence as defined by DOD 5220.22

M, National Industrial Security Program Operating Manual, unless acceptable mitigating procedures can
and have been implemented and approved by the Defense Security Service (DSS). The selected contrac
must be able to acquire and maintain a secret level facility and Personnel Security Clearances, in order to
perform on advanced phases of this contract as set forth by DSS and SSP in order to gain access to
classified information pertaining to the ratal defense of the United States and its allies; this will be an
inherent requirement. The selected company will be required to safeguard classified material IAW DoD
5220.22M during the advance phases of this contract.

PHASE I:In Phase Icompanies are expected to complete the following:

e Design and demonstrate feasibility of a manu
yarn from discontinuous SiC fibers.

e | dentify a source for super itemperatsre @opértieher s, e
and develop plans to obtain a sufficient supply of these fibers for Phase Il and Phase Il of this

project.

* Produce sample yarn from short ceramic fiber
meet the needs given the description.

Although initial solutions may be at the benchtop scale, the Phase | effort will include plans to moderately
scale up the solution under Phase Il.

The Phase | Option, if exercised, will include the initial design specificationsaguadbilities description
to build a prototype system in Phase II.

PHASE Il:In Phase Il, companies are expected to complete the following:
e Produce a prototype system for manufacturing
approach from Phase I.
e |terate on the manufacturing process in orde
e Understand t he i mprhemanafacturing froeass andhttee reauttinge r i st i
yarn through mechanical testing, imaging, and analysis.
e Provide SiC yarn to the Navy for testing and
fiber tows.

It is probable that the work under this effaill be classified under Phase Il (see Description section for
details).

PHASE 1l DUAL USE APPLICATIONS:Support the Navy in transitioning the technology to Navy use.
Finalize development, based on Phase Il results, and aid in supplying the Naviateitialnmeeded to
manufacture and test CMC components under representative flight conditions. The need for additional
domestic sources of fiber exist within other branches of the DoD, and potential uses for this technology
exist in the commercial and aftearket composite industry as well. Currently, short fibers are milled for

filler material or used to manufacture naoven isotropic composites. The compositing process often
generates significant scrap fiber. Additionally, ceramic fiber can be extractaddcycled composites.

Instead of processing these fibers in low performance and value composites, they could be converted to a
yarn and used in high quality components, similar to continuous fiber.

REFERENCES:
1. McDanels, D.L. Analysis of stressdrain,fracture, and ductility behavior of aluminum matrix
composites containing discontinuous silicon carbide reinforcement. Metall Mater Trans A 16,
1105-1115 (1985).
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2. U. Papenburg, S. Walter, M. Selzer, S. Beyer, H. Laube, G. Langel, U. Papenburg, S. Walter, M
Selzer, S. Beyer, H. Laube and G. Langel. Advanced ceramic matrix composites (CMC's) for
space propulsion systems. American Institue of Aeronautise and Astronautics, Inc. 33rd Joint
Propulsion Conference and Exhibit, Seattle, WA, 06 July 399 July B97.

3. S. Schmidt, S. Beyer, H. Knabe, H. Immich, R. Meistring, A. Gessler. Advanced ceramic matrix
composite materials for current and future propulsion technology applications. Acta Astronautica,
Volume 55, Issues-3, 2004, Pages 40220, ISSN 00946765.

KEYWORDS: Hypersonics; silicon carbide; ceramic matrix composites; manufacturing; yarn; weaving;
thermal protection system

Communication with SSP TPOCs will be coordinated through the SSP SBIR Program Manager.

TPOG1: SSP SBIR POC
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N231-073 TITLE: Radiation Hardened FPGAs for Strategic Systems
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Nuclear

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CRR Parts 124130, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors nuistlose any proposed use of foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors areadvised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop a coseffective approach to field a radiatitvardened field programmable gate
array (FPGA) thatan be used in strategic weapons systems.

DESCRIPTION:Strategic Systems Programs (SSP) needs eeffestive approach to field an FPGA that

both address hardware assurance concerns and can meet the objective radiation requirements detailed in
request fo proposal (RFP) G82-1301 to be used in strategic weapons systems [Ref 1]. The current
approach to upgrade digital flight hardware electronics for strategic weapon systems involves the redesign
of application specific integrated circuits (ASICs) in réidia hardened manufacturing foundries. The full
custom nature of the ASIC design addresses assurance concerns by allowing for comprehensive
verification to detect bugs and potential hardware Trojans. However, the ASIC design process and
requalification ofthe fabricated ASIC is costly, requires muyléiar design and verification cycles and is
resource consuming. FPGAs have the ability to shorten the design cycle and provide rapid digital flight
hardware electronics upgrade solutions. Unfortunately, no FiR&#&Ee currently exists that meets the
radiation and assurance requirements to fly in a strategic weapon system.

Currently available FPGA devices and enabling FPGA technology do not meet one or more of the RFP
CS22-1301 objective requirements, such aé Bad(si) total ionizing dose (TID), single event latchup
(SEL) thresholds > 100 Me¥m2/mg, and device circumvention and recovery (C&R) < 1ms [Ref 1].
These examples are meant to be representative only, and not to be taken as requirements or
limits/thresiolds. Additionally, hardware assurance concerns exist when using commercial FPGASs in
strategic systems as the complete FPGA physical design information has potentially not undergone an
independent verification and validation activity by United State Gomaent (USG) to search for bugs

and potential hardware Trojans.

The following potential methods may be used to develop solutions to address thatabedeadiation

and assurance concerns that currently prohibit the use of FPGAs in strategic weapams Jy8t SBIR

topic seeks research to further one or more ideas below to address these concerns. Additional solutions
provided by the proposers not listed below are welcome as well.

(1) One approach could develop and qualify radiation hardewiatle or nonvolatile configuration

memory options with transition potential to an FPGA product. Transition paths may include a commercial
FPGA vendor or an industrial partner leveraging embedded FPGA (eFPGA) intellectual property (IP) to
field an FPGAthat meet the objective specifications in RFP#229.301. These configuration memory
options would target an eshore manufacturing process available from vendors such as Honeywell,
Skywater, Intel, and GlobalFoundries.
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(2) Another method could involveveraging existing commercial FPGA physical die. Examples may
include upscreening through radiation lot acceptance testing or by developinghiuhiodules with
bare commercial FPGA vendor die to meet C&R requirements.

(3) Another acceptable approadutd involve a prototype FPGA integrated circuit (IC) design and
FPGA software toolchain targeting an onshore manufacturing process that integrates commercially
available IP and radiation hardened by design (RHBD) processes. Examples of potential eFPGA IP
solutions such as Flexlogic, Avago, and OpenFPGA.

(4) Another acceptable topic could involve developing assurance methods applicable to commercial and
open source FPGA devices. These assurance methods would provide a quantitative measure of assurance
thatthe physical FPGA circuitry and FPGA software does not either contain Trojan or bug that could be
exploited to cause loss or subversion during operation of the configured FPGA.

The commercial FPGA community categorizes FPGAs in accordance with theguatibn memory

options. Static random access memory (SRAM$ed configuration memory solutions that enable high
performance, but require an ¢fPGA configuration file resulting in C&R times > 1ms [2]. FPGAs with
embedded nowolatile configuration memgroptions such as Flash and SONOS meet the objective C&R
times but do not meet either TID or SEL objectives [Refs 3, 4].

The proposed R/D effort will develop enabling technology toward fielding an FPGA for a strategic
weapon system.

PHASE I|:Define anddevelop the concept(s) and method(s) to further the one of the research areas
defined in the Description. Provide description(s) of the approach(es), along with corresponding
preliminary evidence supporting each approach. Validate the method selectéfy. tdeimical

challenges as well as risks and opportunities for the selected method that will be addressed during Phase
Il. The Phase | Option, if exercised, will include the initial design specifications and capabilities
description to build a prototynd/or a process/tool solution in Phase Il. Prepare a Phase Il plan.

PHASE II: Develop a physical prototype and/or a process/tool of the proposed concept or method that
meets the capabilities listed in the Description. Demonstrate and validate the comeptod.

Demonstrate the ability of the prototype and/or a process/tool to meet or exceed the specifications located
in the Description. Identify and document any opportunities for improvements for future iterations.

PHASE 1l DUAL USE APPLICATIONS:Suport in transitioning the technology for Navy use in SSP.
Support the Navy with transitioning the technology developed within this SBIR topic into a fieldable
FPGA that meets the threshold objectives in RFP2%$301. The RFP# G32-1301 government
purpose rights (GPR) deliverables will be provided as available materials to realize a fieldable FPGA.
Example C&22-1301 GPR deliverables include gsiticon IP design files, fabricatieready GDSII files,
and software modules.

The technology developed cals@abe commercialized into products with space radiation effects
requirements. The threshold objectives for space radiation systems is often a subset of the threshold
objectives for Strategic Radiation Hard (SRH) systems. Other markets such as autoradita/vith
high-reliability and aggressive powen-reset specifications are other potential candidates for this
enabling FPGA technology.

REFERENCES:

1. “Strategic Radiation Hardened Field Programmahb
Proposal C22-1301. https://sam.gov/opp/d8413dd3c00e4128afa03¢c6888811dd4/view
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2. “UltraScale Architecture Configuration User Gu
https://www.xilinx.com/support/documentation/user_guides/ugiit@scaleconfiguration.pdf

3. WangJd. J., et al., “RADIATI ON CHARACTERI STI CS O
ARRAYUSING COMPLEMENTARY-SONOS CONFI GURATI ON”
https://www.microsemi.com/documepbrtal/doc_view/124447¢-polarfireradiationtestreport

4. N. Rezzak, 3J. Wang, D.DsilvaandN.at , " TI D and SEE characteri zs
generation radiation tolerant RTG4 flashba s ed FP GA”

KEYWORDS: FPGA; SRH; strategic; Field Programmable Gate Array; eFPGA; radiation;
programmable hardware; strategic system; MRAM; ReRAM; C&R

Communication with SSP TPOCs will be coordinated through the SSP SBIR Program Manager.

TPOG1: SSP SBIR POC
Email: ssp.sbir@ssp.navy.mil
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N231-074 TITLE: Characterization of the Radiation Environment Capabilities of Exploding Foil
Initiators (BFIs)

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)Nuclear

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated material and seces,

including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, thpdyof visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Investigate and demonstrate the ability of a low energy exploding foil initiator (LEEFI or
EFI) to function in the Strategic Systems Programs (SSP) D5 missile system.

DESCRIPTION:With a new ballistic missile submarine under development (Columbia class SSBN), the
capability delivered by the current generation of Submarine Launched Ballistic Missile (SLBM), the
Trident Il (D5) Missile, will continue to be required throughout the migj@f the 21st century. As SSP
maintains and modernizes the Trident Il (D5) Missile through manufacturer consolidation and material
obsolescence, a strong emphasis will be placed on improving manufacturability, sustainabitipgldife
costs, and safgt reliability and performance of the system.

The ability of a low energy exploding foil initiator (LEEFI or EFI) to function in the SSP D5 missile
system is to be investigated and demonstrated. Specifically, since the missile is subject to various
strakegic radiation environment environments; any electrical system must be robust enough to reliably
operate during exposure to the elevated radiation environment. Many EFI designs exist in industry and
their viability must be understood prior to use in syst@vhich experience radiation environments. To
provide potential users with a wider selection for their application and to promote new designs,
characterization of the performance of bridge foils of varying materials and sizes will be conducted when
subjeced to various radiation environments, comprised of neutrons, gamnnags Xelectrons, and
ElectroMagnetic Pulse (EMP).

The baseline application is for EFIs, which conform to MiLD-1316 [Ref 1] and/or MIESTD-1901

[Ref 2], design and safety requiremefar use in systems. Of particular interest is the effects of radiation
on the narrowed bridge area (metal, e.g., aluminum, copper, gold, silver) and flyer (dielectric, e.g.,
polyimide, polyethylene terephthalate (PET)) aspects of the bridge foil su¢hetaFl would not fire or
would prematurely fire. The EFIs will need to withstand radiation environments analogous to natural
space and mamade hostile conditions for a prompt high dose rate range of 1E11 to 1E13 rad(Si)/s, a
Total lonizing Dose rangef AE5 to 5E5 rad(Si), Neutron Displacement Damage maximum of 5E12 to
1E14 n/cm2, and X ray fluence range of 0.1 to 10 cal/cm2.

The Phase | deliverables would include an analygsiss ed “handbook” and recommer
evaluate typical common EFI bge foil materials (cf. preceding paragraph) and how they react in

various radiation environments for use when determining EFI viability in a system and/or narrow down

design parameters for a custom EFI in a strategic system.

PHASE I.Develop a concept facharacterizing the EFI bridge foil parameters and environments.
Determine EFI parameter trade space from industry availability and literature. Determine pass/fail
criteria. Conduct a RAD transport simulation feasibility assessment for the proposechppraad
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documentation design guideline advancements in contrast to existing devices/Foils. Address, at a
minimum, the capabilities listed in the Description. Document findings in an anbsisl handbook.
The Phase | Option, if exercised, will includie tinitial design specifications and capabilities description
to build a prototype solution in Phase II.

PHASE II: Formulate validation plan, including analysis, test approaches, and locations. Develop test
plans to monitor the radiation response. Proposenceptual design or improvements that can be
performed on commercially available EFIs that will meet or exceed the environments described above.
Develop a Phase Il technology hostile environment validation and verification plan. Address, at a
minimum,the capabilities listed in the description.

PHASE Il DUAL USE APPLICATIONSValidation of Phase Il test (not necessarily hardware) in a

hostile environment. Show MHSTD-2169 compliance data from testing to exercise the designs in
relevant environmentsnd collect performance data, which may be used to characterize the capabilities of
the design. This design concept will be leveraged for the Strategic Weapon System Trident Il D5 and D5
Life Extension Programs. This technology has the potential to becasgdercially in the aerospace and
energetic industries that require low energy exploding foil initiators such as saferilitary application

of deep well Wireline Perforating.

REFERENCES:

1. NPFC,MIL-STD1316 “Fuze Design, S atR@ET. PageSB2 t eri a For

https://standards.globalspec.com/std/10179064stdil 316

2. NPFC MIL-STD-1901 “ Munition Rocket and Missile Motor

Criteria For” 6 June 2002. , Pages: 239D https:
1901

3. Lewis Cohn, etal. 1995.DNN-956 1, “Transi ent Radiation Effect
Handbook,” December 1995. https://apps.dtic.

4, “ MI-8TD-464 DoD Interface Standard: Electromagnetic Environmental Effects, Requirements
for systems.”’
https://quicksearch.dla.mil/Transient/D449399D8287405F9BC45840241A0B27.pdf

5. “ MI-9TD-461 Military Standard: Electromagnetic Interference CharacterRegsirements for
Equi pment . "
https://quicksearch.dla.mil/Transient/F847D34E725B45CB822973DE944B587A.pdf

6. “ MI-9TD-2169 DoD Interface Standard: Higiititude Electromagnetic Pulse (HEMP)
Environment.” U.S. Army Test and Evaluation
https://apps.dtic.mil/dtic/tr/fulltext/u2/a554607.pdf

7. Zul uet a, P.J. “Electronics Packaging Consider a

Packaging Technology Conferencel® Dec. 2004, Singapore.
https://trs.jpl.nasa.gov/handle/2014/38219

8. Fenske M. T. , Bart h, J. L., Di di on, J. R. and Mul e,
enclosures for space applications.” SAMPE Conf

https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19990042149.pdf

9. Li,Z,Chen,S, Nambiar, S., Sun, Y., Zhang, -M., Zhen

MWCNT nanocomposite for proton radiation shi
234001. https://iopscience.iop.org/article/10.1088/085%84/27/23/234001/meta

10.“ MI-8STb1 089 HANDBOOK FOR THE USAF SPACE ENVI RONM

https://apps.dtic.mil/dtic/tr/fulltext/u2/a262799.pdf
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Communication with SSP TPOCs will be coordinated through the SSP SBIR Program Manager.

TPOG1: SSP SBIR POC
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N231-075 TITLE: Reduced Integrated Optical Circuits (I0C) Haifve Voltage (Vpi) for
improved Size Weight and Power (SWaP) in Interferometric Fiyic Gyroscopes
(IFOG)

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)HypersonicsMicroelectronicsNuclear

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR),
22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their counyf(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topicemagthicted due to the
technical data under US Export Control Laws.

OBJECTIVE:Reduce halivave voltage (Vpi) in current statd-the-art Y-branch dual phase modulator
integrated optical circuits (IOC) so that they can be packaged in smaller instruments

DESCRIPTION:The performance requirements for strategiade inertial sensors based on optical
interferometry continue to become more stringent, necessitating continued innovation for optical
component technologies that require unprecedented precigiatharacterization of lonaterm bias

stability, scale factor linearity, angle random walk performance, etc. [Ref 1]. One of these key
components is the IOC. The IOC is typically comprised dfranch dual phase modulators based on
waveguides and electrodiesmed on the surface of a crystal, such as lithium niobate, and assembled
(pigtailed) to optical fiber (one input and two output fiber ports) [Ref 2]. Current devices are limited in
size by the length of the crystal required to produce a Pl phasdmapifbvements to Vpi should allow

the same phase shift with a shorter length and enable more tightly packaged and integrated fiber optic
gyroscopes. The objective of this SBIR topic relates to advanced lithium niobate 10Cs for sgnategic
inertial senss with 1550 nm operating wavelength. The reduced Vpi shall have negligible impact on
other IOC design and performance criteria resulting in a reduced overall size, overall optical insertion
loss, polarization extinction ratio, and flat frequency respbesavior.

PHASE I:Perform a design and materials study aimed at reducing the Vpi and Size, Weight and Power
(SWaP) of the lithium niobate 10C. Target Vpi should be significantly below current annealed proton
exchange (APE) and reverse proton exchang&)Rfndards which easily achieve < 10V in a 25mm

long package. The study must demonstrate that Vpi reduction to an equivalent of 5V (or lower) in a
25mm long package is feasible. The technique should be compatible with IOCs having either APE or
RPE wavegides with 1550 nm operating wavelength. The study must assess performance criteria and
consider all aspects of device fabrication. The study shall include a preliminary assessmenteofriong
environmental stability assuming a design life of 30 yeab® 4C based on a materials physics analysis,
including Mean Time Between Failure (MTBF), Mean Time to Failure (MTTF) and Failure In Time

(FIT) values, along with identification of the assumptions, methods, activation energy, and confidence
levels associatbwith these values. The study shall justify the feasibility/practicality of the approach for
achieving reduced Vpi and SWaP with negligible impact on other IOC design and performance criteria,
including overall optical insertion loss and polarizationretion ratio (PER). The study shall estimate

the effects of the change to Vpi on 10C design and performance criteria relative to a control prototype
design that does not include the new feature. The Phase | Option, if exercised, will include the initial
design specifications and capabilities description to build prototype solutions in Phase Il, as well as a test
plan for an accelerated aging study (minimum 5 yeartnea equivalent) to be conducted in Phase Il.
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PHASE Il:Based on the Phasedsults, design, fabricate, and characterize six (6) prototype 10Cs,
complete with fibetoptic pigtails and electrical connections suitable for incorporation into test beds for
interferometric inertial sensors. Characterization must comprise evaluattmcaleneasurements
including Vpi frequency response and residual intensity modulation (RIM), and optical measurements
including optical insertion loss, chip PER, optical return loss (ORL) or coherent backscatter, and
wavelength dependent loss (WDL). Accalerated aging study involving 10Cs at elevated temperatures
under vacuum must be performed to develop a predictive model efdamgenvironmental stability. The
prototypes should be delivered by the end of Phase II.

PHASE Il DUAL USE APPLICATIONSBased on the prototypes developed in Phase II, continuing
development must lead to productization of IOCs suitable for interferometric inertial sensors. While this
technology is aimed at military/strategic applications, phase modulators are heavily msey ioptical

circuit applications, including in telecom industry hardware. A phase modulator with significantly
reduced SWaP is likely to bring value to many existing commercial applications including LIDAR,
satellite free space communications and othaaurapplications. Also, this technology could be leveraged
to bring IFOG technology toward a price point that could make it more attractive to the commercial
markets.

REFERENCES:
1. Adams, Gary, and Gokhal e, Mi c haeibnfor* Fi ber opti
submarines.” Proceedings of the Al AA Guidance,

CO, USA, August 2000:-B. https://arc.aiaa.org/doi/pdf/10.2514/6.20(8B4

2. Wooten, Ed L. et al. "A review of lithium niobate modulatorsffoer-optic communications
systems," IEEE Journal of selected topics in Quantum Electronics 6, January 28Q0: 69
https://ieeexplore.ieee.org/document/826874

KEYWORDS:Integrated Optical Circuit; Phase Modulator; Lithium Niobate; Waveguides; Inertial
Sensor; Fiberoptic Gyroscope
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N231-076 TITLE: Electrically Conductive SelAssembled Monolayer (SAMANti-Stiction
Coating for MicreElectromechanical Systems (MEMS)

OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)HypersonicsMicroelectronicsNuclear

The technology within this topic is restricted under the International Traffic in Arms Regu(lidiR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, which controls dual use itemdféors must disclose any proposed use of foreign

nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Develop an antstiction selfassembled monolayer (SAM) coating that is electrically
conductive bong the molecule chain, but not conductive between molecules.

DESCRIPTION:SAM coatings have been shown to reduce stietedated failures for Micro
Electromechanical Systems (MEMS) devices during fabrication and in operation. Although industry has
incorporated this technology into commercial products such as accelerometers and gyroscopes, the
requirements for strategic sensors necessitate special considerations, including minimizing induced
stresses from mismatches of coefficients of thermal expanSibE)( designing the sensor to be robust
through strategic radiation environments, preventing parasitic charges from creating erroneous signals,
and ensuring that the sensor will be stable over several decades. Examples of existing research for SAM
coatingscan be found in the referenced articles [Re8.1

MEMS sensors are more frequently being considered as alternatives to conventionally machined sensors
in order to meet stringent performance requirements. This SAM coating is likely to bring value to
multiple industries as the need for stability and reliability become more important.

PHASE I.Design a SAM coating for wafdevel processing with the desired goals of 1) reducing stiction

in a silicon MEMS device; 2) allowing electrical conduction alongntiodecule chain (goal of < 100

Ohm resistance between the coating and silicon substrate), but not across molecules (goal of > 1 MOhm
resistance laterally across the coating); 3) selectively coating only exposed silicon surfaces, and not oxide
or metal surdces 4) ensuring stability of the coating for up to 30 years. Material space is not constrained

and unique designs are encouraged. The Phase | study shall assess all aspects of fabrication and justify the
feasibility and practicality of the designed apmtoalhe Phase | Option, if exercised, will include the

initial design specifications and capabilities description to build a prototype solution in Phase II.

PHASE Il:Based on the Phase | design and execution plan, fabricate and characterize a sipdé lot (
Qty: 5 wafers) of silicon articles with the sample coatings. This characterization may include coating
selectivity, coating conductivity, stiction reduction for sample MEMS devices, and thermal sensitivity for
sample MEMS devices. These articles dbmeed to incorporate etched featurd®wever, the

prototypes must address the desired goals specified during Phase I. The prototypes, test samples, and
characterization results should be delivered by the end of Phase II.

PHASE Il DUAL USE APPLICATIONS: Based on the prototypes developed in Phase II, continuing
development must lead to productization of the SAM coating. While this technology is aimed at
military/strategic applications, SAM coatings are used more broadly in the MEMS industry. Peredrm fin
gualification by inserting and demonstrating the SAM coating into a known microfabrication process for a
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MEMS design. (Note: The devices incorporating the SAM coating may be subject to several common test
environments for strategic sensors, includirdjaion and vibration environments.)

A stable SAM coating carefully designed to reduce parasitic effects (such as charging in the coating) is
likely to bring value to existing commercial applications such as space and autonomous vehicle
navigation to impove both the reliability and performance of highd MEMS sensors.

REFERENCES:

1. Maboudian, Roya; Ashur st ,-asd¢nbleRmodnaayers;asa@tar r ar o,
stiction coatings for MEMS: <char acActeators83, i cs an
October 1999: 21:223. http://www.cchem.berkeley.edu/rmgrp/S&A.pdf

2. A. Ri ssanenphasdselas semMWlapodor monol ayers for i mprov
SENSORS, 2010 IEEE: 767770.https://ieeexplore.ieee.org/document/5690769
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KEYWORDS: Selfassembled monolayers; coatings; mietectromechanical systems; microfabrication;
anti-stiction; wafers
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N231-077 TITLE: Ultra Low-Profile Hermetic Fiber Optic Interconnect
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)HypersonicsMicroelectronicsNuclear

The technology within this topic is restricted underltiternational Traffic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts730-774, which controls dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by thésf accordance with the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Reduce the size of staté-the-art optical fiber herméat interconnects so that they can be
packaged into small form factor fiber optic gyroscopes.

DESCRIPTION:Delivering optical fibers into and out of hermetically sealed systems is a common
problem in optical experiments and applications. While there arermus commercially available
options and even MHSpec options such as MIRTL-38999 hermetic fiber interconnects [Ref 1], these
solutions are often bulky and limited to specific fiber types.

While much work has been done to improve the fiber feedthreegls, which can now achieve helium
diffusion rates of < 112 mbarr/sec, shrinking the footprint of fiber optic interconnects has not been
effectively achieved.

The smallest custom hermetic fiber optic interconnect solutions are on the order of 4@émgthrand

% in diameter [Ref 2]. I n order to continue to
the size of the currently available hermetic fiber optic interconnections. This SBIR topic proposes to
design, prototype, and test ad@n fiber hermetic interconnect that is 3.155mm in length with a stretch

goal of achieving 0.1mm in length.

PHASE |:Perform a design and materials study aimed at reducing the length of currently available
hermetic optical fiber interconnects. The teclueighould be compatible with 80 micron polarization
maintaining (PM) fiber. The study must assess performance criteria and consider all aspects of device
fabrication. The study shall include a preliminary assessment ctéomgenvironmental stability

assiming a design life of 30 years at 50°C based on a materials physics analysis, including Mean Time
Between Failure (MTBF), Mean Time to Failure (MTTF) and Failure In Time (FIT) values, along with
identification of the assumptions, methods, activation gnengd confidence levels associated with these
values. The study shall justify the feasibility/practicality of the approach for achieving reduced hermetic
optical fiber interconnect with negligible impact on PM fiber performance including, overall dpssal
polarization extinction ratio, and polarization croéalk. For the performance impact to be deemed
negligible, the impact must be consistent with that of a fiber splice, index matching joint, or other high
performance interconnect. The Phase | Opti@xercised, will include the initial design specifications

and capabilities description to build prototype solutions in Phase II, as well as a test plan for an
accelerated aging study (minimum 5 year-t@ak equivalent) to be conducted in Phase II.

PHASE Il:Based on the Phase | results, design, fabricate, and characterize six (6) prototype-ultra low
profile optical fiber hermetic interconnects, that can be flmslinted onto stainless steel cover suitable
for incorporation into test beds for interferometneitial sensors. Characterization must comprise
evaluation of hermeticity over temperature with minitwaho impact on PM fiber performance. An
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accelerated aging study elevated temperatures must be performed to develop a predictive moeel of long
term envionmental stability. The prototypes should be delivered by the end of Phase II.

PHASE 1l DUAL USE APPLICATIONS:Based on the prototypes developed in Phase I, continuing
development must lead to productization of ultra-jmefile hermetic optical fibeinterconnects suitable

for interferometric inertial sensors. While this technology is aimed at military/strategic applications,
optical fiber interconnects are heavily used in many optical circuit applications, including in telecom
industry hardware. An djgal interconnect with significantly reduced size could be employed to deliver
light from a single light source into multiple fiber optic Sagnac interferometers and is likely to bring value
to many existing commercial applications. Also, technology mgéiie needs of this topic could be
leveraged to bring IFOG technology toward a price point that could make it more attractive to the
commercial markets.

REFERENCES:

1. MIL-DTL-38999M, Connectors, Electrical, Circular, Miniature, High Density, Quick Discannec
(Bayonet, Threaded, or Breech Coupling), Environment Resistant with Crimp Removable
Contacts or Hermetically Sealed with Fixed, Solderable Contacts, General Specification for. 08
SER2017.
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2. " KTRML O0: Hermetic Fiber Optic Feedthroughs for
Laser Components. September 2020.
https://www.lasercomponents.com/fileadmin/user_upload/home/Datasheets/sedi/Rermetic
feedthroughup-to-600-bars.pdf
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N231-078 TITLE: Phase Trimming for Integrated Photonics
OUSD (R&E) CRITICAL TECHNOLOGY AREA(S)HypersonicsMicroelectronicsNuclear

The technology within this topic is restricted under the Internatibradfic in Arms Regulation (ITAR),

22 CFR Parts 12030, which controls the export and import of deferedated material and services,
including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR
Parts 730774, whichcontrols dual use items. Offerors must disclose any proposed use of foreign
nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement
of work (SOW) tasks intended for accomplishment by the FN(s) in acumedeith the Announcement.
Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the
technical data under US Export Control Laws.

OBJECTIVE:Development of simultaneously low power, low optical loss,smdll die area
technologies that combat integrated photonics device phase errors at visible anétarealr
wavelengths.

DESCRIPTION:Integrated photonic devices suffer from phase errors introduced by fabrication and
material deposition variations acso®ticles, across individual wafers, and between wafers. Mitigation of
phase errors through optical phase trimming will enable larger devices, which will greatly improve
photonic system performance in liggtarved applications: shorter integration timesplution, longer

ranges, and higher sigra@-noise ratio for applications such as optical communications and LIDAR [Ref
1]. The most mature phase control technologies typically have one or more of the following drawbacks:
1) large size, 2) active phasentrol devices often have high power consumption, and 3) high optical loss,
especially at visible and near infrared wavelengths. Addressing these challenges will advance photonics.
Over the past decade, work has gone into some of the foll@m&as, among others: liquid crystal
technology [Ref 2], focuseibn-beam (FIB), laser writing, and micro/naetectromechanical systems
(M/NEMS) switches [Ref 3]. Both static and active phase error correction solutions are encouraged to
respond to this SB topic. Similarly, both the evolution of academic techniques as well as the adaptation
and maturation of known techniques to this problem are of interestpdarerhold solutions are of
particular interest.

One novel area of interest is phase changetniats [Refs 4, 5} a reliable and repeatable supply is
crucial for use by academia, foundries, and government research laboratories. A full solution is not
required for answering this SBIR topic. This work could include improving uniformity of matemgdts,
improving repeatability of material properties, and formulating new materials for low optical loss,
particularly at shorter wavelengths.

This technology should focus on visible and Aefrared (NIR) wavelengths, particularly between 700
900 nm and be compatible with silicon (Si) and silieoitride (SiN) processes. A path toward integration
with denselypacked waveguide arrays is necessary. As the technology is matured, performers will
collaborate with SSP and government contractors to irteetira technology into relevant platforms. This
collaboration will also seek to develop a technology transfer plan for comrasealal photonics foundry
fabrication.

PHASE |:Perform a design and fabrication analysis to assess the feasibility of tlesgatdpchnique or
material development for producing phase trimming capability in theinteared (across 70000 nm)

for use in integrated photonic devices. Include the expected dynamic range for the technique (up to 2pi
optical phase shift is preferrgaexpected die area required (< 100 um2 or capable of individual
addressability within waveguide arrays with < 5 um cetdezenter spacing is preferred), optical loss
introduced (< 1 dB insertion loss preferred), and energy required for switching akaials
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development efforts, report optical properties (refractive index and extinction coefficient) for amorphous,
crystalline, and attainable intermediate phases, expected conditions (temperature, electric field, etc.) and
energy required for switchingnd comparison to current materials. ldentify risks and risk mitigation
strategies. The Phase | Option, if exercised, will include the initial design specifications and capabilities
description to build prototype solutions in Phase II.

PHASE II: Fabricaé and characterize five (5) prototypes that demonstrate the phase trimming capability
or material system. Variability of key metrics (optical phase shift, refractive index change) > 3% and
optical insertion loss > 1 dB should be addressed with a mitigaléonto enable highly reliable
performance as the system matures.

The final report will include a discussion of potential Aesim and longerm development efforts that

would improve the technology’ s pemtherequicdsnall,b ease
die area. It will also include an evaluation of the cost of fabrication and how that might be reduced in the

future. The prototypes should be delivered by the end of Phase Il.

PHASE Il DUAL USE APPLICATIONSBased on the prototypeadcontinual advancement of
photonics, a low SWaP phase trimming capability should lead to dramatic improvements in the scaling
phasesensitive photonic devices. Support the Navy in transitioning the technology to Navy use. The
prototypes will be evaluatdtirough optical characterization and testing with relevant adjacent devices.
The end product technology could be leveraged to bring photonic imaging and sensing towards a more
mature state with a lower SWaP profile that could make it more attractivptfoalcommunication and
Light Detecting and Ranging (LIDAR) as well as in the biomedical, navigation, and vehicle autonomy
markets.
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